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S,-4,'5&*'6$'6,&'*-+4$A&"7'$>'*)"L'&%&"#7D'N%*&"+6)%*-%#'*)"L'
&%&"#7'")%L+')0$%#'6,&'0$+6'4$0.&55-%#'."$:5&0+'-%')55'$>'.,7+-4)5'
+4-&%4&D'E7.&'F)'+1.&"%$A)&')"&'$%&'$>'6,&'0$+6'."$0-+-%#'6$$5+'>$"'
*&6&"0-%-%#'6,&'."$.&"2&+'$>'*)"L'&%&"#7D'E,-+'-+'6,&'.1".$+&'$>'6,&'
+-015)2$%+'6,)6'6,&'35)+,'/&%6&"'S-55'*$')+')%'&)"57'+4-&%4&'1+&"'$%'
6,&'%&@6P#&%&")2$%'W51&'Y&%&'+7+6&0D'E$':&'+.&4-Q4H'6,&'/&%6&"'S-55'
1+&'6,&'3(!9d'4$*&'6$'4)""7'$16'5)"#&P+4)5&H'OPJ'+-015)2$%+'$>'6S$'L&7'
.,7+-4)5'."$4&++&+'-%'E7.&'F)'+1.&"%$A)&'6,)6')"&'%$6'>1557'1%*&"+6$$*f'
B=C':1$7)%47P*"-A&%'61":15&%6'%145&)"'4$0:1+2$%H')%*'B;C'6,&'
6")%+-2$%'>"$0'%145&)"':1"%-%#'-%'6,&'V)0&5&6'"&#-0&'6$'*-+6"-:16&*'
%145&)"':1"%-%#D'E,&'+-015)2$%+'S-55':&'6,&'5)"#&+6'&A&"'*$%&D'E,&'
%10:&"'$>'#"-*'.$-%6+'-%'6,&0'S-55'&@4&&*':7')'>)46$"'i';<'6,$+&'-%'6,&'
+-015)2$%+'6,&'/&%6&"',)+'*$%&'6$'*)6&'$%'6,&'!(/3K+'W51&'Y&%&]M'
4$0.16&"H'F%6"&.-*D

Early Science Program  
Intrepid Allocation:
j'X-55-$%'d$1"+
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Contact ! Benoit Roux 

E,&'N%-A&"+-67'$>'/,-4)#$]!"#$%%&'G)2$%)5'():$")6$"7''b''"$1@c14,-4)#$D&*1

Bio/Protein

G!XJ'P'E,&'?%#-%&'>$"'()"#&P94)5&'/5)++-4)5'XJ'9-015)2$%+'
$>'W-$0$5&415)"'97+6&0+'W)+&*'$%')'M$5)"-\):5&'3$"4&'3-&5*

W-$5$#7H')6'6,&')6$0-4')%*'0$5&415)"'5&A&5H'-+'#$A&"%&*':7'4$0.5&@'
-%6&")42$%+'-%A$5A-%#')'5)"#&'%10:&"'$>'L&7'4$%+261&%6+H'-%451*-%#'
S)6&"H'-$%+H'."$6&-%+H'%145&-4')4-*+H')%*'5-.-*'0&0:")%&+D'E,&'#$)5'$>'
6,-+'."$R&46'-+'6$'*&A&5$.'%&S'6&4,%$5$#-&+'6$'+-015)6&'A-"61)5'0$*&5+'
$>':-$0$5&415)"'+7+6&0+'S-6,')%'1%."&4&*&%6&*')441")47D'()"#&P+4)5&'
0$5&415)"'*7%)0-4+'BXJC'+-015)2$%+':)+&*'$%')6$0-4'0$*&5+'.5)7'
)%'-%4"&)+-%#57'-0.$"6)%6'"$5&'-%'6,&'5->&'+4-&%4&+D'9144&++'S-6,'XJ'
+-015)2$%+'$>'5)"#&P+4)5&':-$0$5&415)"'+7+6&0+',-%#&+'$%'6,&')441")47'
$>'6,&'.$6&%2)5'>1%42$%')%*'6,&'&k4-&%47'$>'6,&'*7%)0-4'."$.)#)2$%'
)5#$"-6,0'>$"')*&e1)6&'+)0.5-%#'$>'0$2$%+D'

E,-+'."$R&46'-+'>$41+&*'$%'6,&'."$#")0'G!XJH'41""&%657'$%&'$>'6,&'
0$+6'$.20)5')%*'&k4-&%6'."$#")0+'6$'4)""7'$16'45)++-4)5'+-015)2$%+'
$>':-$0$5&415)"'+7+6&0+D'E$'&%,)%4&'6,&'+)0.5-%#'&k4-&%47':&7$%*'
6,)6'$>':"16&P>$"4&'XJ'+-015)2$%+H'"&+&)"4,&"+'."$.$+&'6$'-0.5&0&%6'
+&A&")5')*A)%4&*'+6")6&#-&+':)+&*'$%'0152.5&'4$.-&+'+14,')+'"&.5-4)P
&@4,)%#&'XJ'BI?XJC')%*]$"'d)0-56$%-)%'6&0.&"-%#'BdPI?XJCD'
W&4)1+&'6,&'e1)5-67')%*')441")47'$>'6,&'.$6&%2)5'>1%42$%'B>$"4&'
Q&5*C'-+'4"-24)5'>$"'0&)%-%#>15'XJ'+-015)2$%+H'6,&'"&+&)"4,&"+'S-55'
-0.5&0&%6')'%&S'>$"4&'Q&5*'6,)6'-%4$".$")6&+'6,&'&U&46'$>'-%*14&*'
.$5)"-\)2$%D'E,&7'S-55'4)""7'$16'+-015)2$%+'4$A&"-%#')'S-*&'")%#&'
$>'4)%$%-4)5')%*'%$%P4)%$%-4)5'JG!')%*'IG!'0$5&415&+'>$"'S,-4,')'
S&)56,'$>'&@.&"-0&%6)5'*)6)'-+')A)-5):5&D'F%'6,&'4)+&'$>'6,&'+6"1461"&+'
*&6&"0-%&*'A-)'lP")7'4"7+6)55$#").,7H'+-015)2$%+'S-55':&'.&">$"0&*'
-%'+$512$%')+'S&55')+'-%'6,&'4"7+6)5'&%A-"$%0&%6')55$S-%#'>$"'6,&'
-0.)46'$>'4"7+6)5'4$%6)46+'$%'6,&'+-015)6&*'+6"1461"&')%*'*7%)0-4+D'
E,&'"&+&)"4,&"+'S-55'&@)0-%&'6,&'.&">$"0)%4&'$>'6,&'%&S'>$"4&'Q&5*'
>$"')'+1-6&'$>'L&7'."$:5&0+'S,&"&'-%*14&*'.$5)"-\)2$%'-+')%24-.)6&*'
6$':&'4"-24)5D'a$"L'S-55'-%451*&'4)5415)2$%'$>'.m)'+,-`+'-%'+&5&46&*'
."$6&-%+H'"&*$@'.$6&%2)5+H'4$$.&")2A&':-%*-%#'$>'/);n'6$'6,&'?3P,)%*+'
-%'4)5:-%*-%'JoLH')%*'-%6&">)4-)5'.$6&%2)5+'$>'5-.-*'0$%$5)7&"+')%*'
:-5)7&"+D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! David Baker   

N%-A&"+-67'$>'a)+,-%#6$%''b''*):)L&"c1DS)+,-%#6$%D&*1

Y)/)0(8')(/&+)5)(-,.)+&5',/&10(B)&$(#5),.E&
NRZ[>E&F',8'&,/&\XX&0-,.#&08,+/&,.&1).B5'E&
F,5'&0&.)F&-)5'#+#1#BA&8011)+&]2<Y&
/5(9859()&+)5)(-,.0:#.&F,5'#95&/,+)*8'0,.&
0//,B.-).5/K̂

Biological Sciences

d$S'J$'I&+&)"4,&"+'M"&*-46'6,&'96"1461"&+'
$>'W-$5$#-4)557'F0.$"6)%6'M"$6&-%+g

M"$6&-%+')"&'6,&'S$"L,$"+&'0$5&415&+'$>')55':-$5$#-4)5'+7+6&0+D'!'*&&.'
)%*'."&*-42A&'1%*&"+6)%*-%#'$>'5->&'6,1+'"&e1-"&+')'*&6)-5&*'.-461"&'
$>'6,&-"'+6"1461"&D'/$%A&%2$%)5'."$6&-%'+6"1461"&'*&6&"0-%)2$%'
1+-%#'%145&)"'0)#%&24'"&+$%)%4&'BGXIC'"&5-&+'."-0)"-57'$%'+-*&P
4,)-%'."$6$%P."$6$%'*-+6)%4&+D'E,&'%&4&++)"7'+-*&P4,)-%'4,&0-4)5'
+,-`')++-#%0&%6H',$S&A&"H'-+'&@.&%+-A&')%*'20&P4$%+10-%#H'S-6,'
.$++-:-5-2&+'>$"'&""$"D'X$"&$A&"H').."$)4,&+'6$'GXI'+6"1461"&'
*&6&"0-%)2$%'>$"'5)"#&"'."$6&-%+'1+1)557'"&57'$%'&@6&%+-A&'*&16&")2$%H'
S,-4,'"&+156+'-%'5$++'$>'L&7'."$6$%P."$6$%'*-+6)%4&'-%>$"0)2$%D'9.)"+&'
+6"1461")5'*)6)'4)%':&'$:6)-%&*'>"$0':)4L:$%&P$%57'&@.&"-0&%6+'
5-L&'$"-&%6)2$%)5'"&+6")-%6+'>"$0'"&+-*1)5'*-.$5)"'4$1.5-%#+')%*')0-*'
."$6$%'*-+6)%4&+'>"$0'GT?9q'+.&46")D'E,&+&'&@.&"-0&%6+')"&'"&)*-57'
)..5-4):5&'&A&%'6$'>1557'*&16&")6&*')%*'5)"#&'."$6&-%+D

E$'*&6&"0-%&'GXI'+6"1461"&+'S-6,$16'+-*&P4,)-%'4,&0-4)5'+,-`'
-%>$"0)2$%H'"&+&)"4,&"+'-%4$".$")6&':)4L:$%&'4,&0-4)5'+,-`+H'
"&+-*1)5'*-.$5)"'4$1.5-%#+H')%*')0-*&'."$6$%'*-+6)%4&+'-%6$'6,&'I$+&_)'
,-#,P"&+$512$%'0$*&5-%#'0&6,$*$5$#7D'E$'&@.5$-6'6,&'S&)L'#1-*)%4&'
+-#%)5'."$A-*&*':7'6,&'+.)"+&'4$%+6")-%6+H'6,&7'*&A&5$.&*')%'-6&")2A&'
+4,&0&'+-0-5)"'6$')'#&%&24'$.20-\)2$%')5#$"-6,0D'!'.$$5'$>'6,&'Q_&+6'
-%*-A-*1)5+'B&D#DH'5$S&+6'&%&"#7'4$%>$"0)2$%+C'-+'0)-%6)-%&*H')%*'-6+'
S$"+6'.)"6'-+'"&.5)4&*'S-6,'$U+."-%#D'E,&':"&&*-%#'$"'4"$++$A&"'$>'
,-#,57'Q6'+.&4-&+'B&D#DH'5$S'&%&"#7'4$%>$"0)2$%+C'-+'-0.5&0&%6&*')+'
)'X$%6&'/)"5$'$.20-\)2$%'6,)6'"&4$0:-%&+'>&)61"&+'$>'."&A-$1+57'
>$1%*'5$SP&%&"#7'4$%>$"0)2$%+D'E,&'67.&'$>'>&)61"&+'+&5&46&*'>$"'
"&4$0:-%)2$%'-+')*).6&*'6$'6,&'"&+$512$%'$>'6,&'.$$5&*'5$SP&%&"#7'
+6"1461"&+D'

E,&'-6&")2A&'."$6$4$5'-%4"&)+&*'6,&'+-\&'")%#&'$>')44&++-:5&'."$6&-%'
+6"1461"&+'4$0.)"&*'6$'6,&'4$%A&%2$%)5'I$+&_)'."$6$4$5D'I&+&)"4,&"+'
4$%+-+6&%657'+$5A&'."$6&-%'+6"1461"&+'1.'6$';<<'"&+-*1&+D'/1""&%657H'6,&7'
)"&'*&6&"0-%-%#'6,&'+-\&'")%#&'$>'6,-+'0&6,$*')%*')"&'6&+2%#'>1"6,&"'
-0."$A&0&%6+D'E,&'FG/FE?'."$#")0',)+':&&%')%*'S-55'4$%2%1&'6$':&'
-%A)51):5&'-%'-6+'*&A&5$.0&%6D'

T1"'FG/FE?'S$"L'-+'>$41+&*'$%'
6,"&&')"&)+'41""&%657D'E,&'Q"+6')"&)'
-+'4$0.12%#'."$6&-%'+6"1461"&+'
>"$0'A&"7'5-0-6&*'&@.&"-0&%6)5'
*)6)D'a-6,'6,&'FG/FE?'4$0.12%#'
"&+$1"4&+H'S&')"&'$.20-+24'):$16'
*&A&5$.-%#'0&6,$*+'S,-4,')55$S'
*&6&"0-%)2$%'$>'6,&'+6"1461"&+'
$>'."$6&-%+'$A&"';<<')0-%$')4-*+'
:7'GXIH'S,-4,'S$15*':&')':-#'
:"&)L6,"$1#,'-%'6,-+')"&)D'E,&'
second area is designing proteins 

6$':-%*'A&"7'2#,657'6$'+.&4-Q4'
"&#-$%+'$%')'+.&4-Q&*'6)"#&6D'
E,&'6,-"*')"&)'-+'*&+-#%'$>'%&S'
&%\70&'4)6)57+6+D'a&')"&'&@.5$"-%#'
4)6)57+6+'>$"',7*"$#&%'."$*142$%H'
+$5)"'4).61"&H')%*'$6,&"'&%&"#7P
"&5)6&*')..5-4)2$%+D

INCITE Allocation:
j<'X-55-$%'d$1"+

]"')&T2IT"_&$(#B(0-&8#.:.9)/&5#&
@)&,.30190@1)&,.&#9(&()/)0(8'K̂
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X$*&5-%#'6,&'X$5&415)"'W)+-+'$>'M)"L-%+$%K+'J-+&)+&
!+'6,&'+&4$%*'0$+6'4$00$%'%&1"$5$#-4)5'*-+$"*&"'-%')*156+H'6,&'
.&"+$%)5')%*'&4$%$0-4'-0.)46+'$>'M)"L-%+$%K+'*-+&)+&')"&'&%$"0$1+D'
/1""&%657H'6,&"&')"&'0$"&'6,)%';'0-55-$%'4)+&+'-%'6,&'N%-6&*'96)6&+D'F%'
&4$%$0-4'6&"0+H'6,&'*-+&)+&'&@)46+')%')%%1)5'4$+6'$>'r;j':-55-$%'$%'6,&'
ND9D'&4$%$07')5$%&D

N%-A&"+-67'$>'/)5->$"%-)s9)%'J-&#$'+4-&%2+6+',)A&'+,$S%'6,)6'6,&'
)##"&#)2$%'$>')'."$6&-%'L%$S%')+')5.,)P+7%145&-%'B)9C'-%'6,&':")-%'
4)%'5&)*'6$',)"0>15H'.$"&P5-L&'+6"1461"&+'-%',10)%'0&0:")%&+D'
I&+&)"4,&"+')"&'5&A&")#-%#'6,&',-#,P&%*'4$0.16)2$%'.$S&"'$>'6,&'
W51&'Y&%&]M')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'B!(/3C'
6$'5&)"%'0$"&'):$16'6,&'0$5&415)"':)+-+'$>'6,&'*-+&)+&')%*'6$'
&@.5$"&'S)7+'6$'6"&)6'-6D'94-&%2+6+'1+&*')5.,)P+7%145&-%'-%'+.&4-Q4'
4$%>$"0)2$%+')+'6&0.5)6&+'>$"'.$++-:5&'.,)"0)4$.,$"&',7.$6,&+&+'
*&+-#%D''914,')%').."$)4,'0)*&'.$++-:5&'6,&'*&+-#%'$>'*"1#'4)%*-*)6&+'
>$"'6,&'41"&'$>'M)"L-%+$%K+'*-+&)+&D

I&+&)"4,'-+'."$A-*-%#'-%+-#,6+'-%6$'6,&'0$5&415)"'0&4,)%-+0'>$"'
M)"L-%+$%K+'*-+&)+&'."$#"&++-$%')%*'S-55',)A&':"$)*')..5-4):-5-67'6$'
$6,&"'*-+&)+&+D'E,&'Q%*-%#+')5+$'."$A-*&')'6&+6':&*'>$"'-*&%2>7-%#'
.$++-:5&'6,&").&124'-%6&"A&%2$%+'6,"$1#,'4$0.16)2$%)5'0$*&5-%#D'

/$55):$")6$"'J"D'?5-&\&"'X)+5-),'
)%*',-+'5):$")6$"7')"&'4$%*142%#'
&@.&"-0&%6)5'A)5-*)2$%'$>'
6,&'0$*&5-%#')%*'+-015)2$%'
"&+156+'$:6)-%&*D'Y-A&%'6,&'
&%4$1")#-%#'4$""&5)2$%':&6S&&%'
6,&'4$0.16)2$%)5'0$*&5-%#'
."&*-42$%+')%*'5):$")6$"7'
&@.&"-0&%6)5'"&+156+H'6,&'6&)0'
&@.&46+'6$'0)L&'+6&)*7'."$#"&++'
:$6,'S-6,'6,&'4$0.16)2$%)5'
0$*&5'-6+&5>')%*'S-6,'6,&'*&+-#%'
$>'&U&42A&'*"1#+':)+&*'$%'6,&'
4$0.16)2$%)5'0$*&5-%#')%*'
+-015)2$%+D

E,&'"&+&)"4,'6&)0'S-55'>$41+'$%')'
0$"&'4$0."&,&%+-A&'-%A&+2#)2$%'
$>')5.,)P+7%145&-%'.&%&6")2$%'
-%6$'6,&'0&0:")%&H'-%451*-%#')'
6,$"$1#,'+61*7'$>'.$"&'4"&)2$%D'
E,&'+4$.&'$>'6,&'6&)0K+'S$"L',)+'
-%4"&)+&*'-%':$6,'6,&'%10:&"'$>'
+-015)2$%+':&-%#'4$%*146&*')%*'
6,&'+4)5&'$>'6,&'+-015)2$%+D

INCITE Allocation:
j'X-55-$%'d$1"+

N1$'0*/A.981),.&$).50-)(&#.&5')&
-)-@(0.)K&"')&$).50-)(&,/&8#./5(985)+&
F,5'&5')#():801&+#86,.B&#;&N/A.&8#.;#(-)(/&
5'05&#889(&05&`&./&#;&<J&/,-910:#.K&"')/)&
8#.;#(-)(/&'03)&5')&@)/5&-)-@(0.)&
8#.508:.B&$(#$)(:)/&!80189105)+&@A&
5')&$(#B(0-&<NLN4%K&"')&B)#-)5(,801&
+,-)./,#./&#;&5',/&$).50-)(&8#(()/$#.+&5#&
5')&)C$)(,-).5011A&)198,+05)+&@A&)1)85(#.&
-,8(#/8#$AK

Contact ! Igor Tsigelny 

N%-A&"+-67'$>'/)5->$"%-)s9)%'J-&#$]9J9/''b''-6+-#&5%c14+*D&*1
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Contact ! Gregory Voth 

E,&'N%-A&"+-67'$>'/,-4)#$''b''#)A$6,c14,-4)#$D&*1

Biology

X152+4)5&'X$5&415)"'9-015)2$%+')6'6,&'M&6)+4)5&
M"$R&46'"&+156+'S-55'*-"&4657'-0.)46'6,&'1%*&"+6)%*-%#'$>'4&5515)"P+4)5&'
:-$5$#-4)5'."$4&++&+'A-)'4$1.5-%#'$>'0152+4)5&'4$0.16&"'+-015)2$%'
0&6,$*$5$#7'S-6,'.&6)+4)5&'4$0.16)2$%)5')5#$"-6,0+')%*',)"*S)"&D'
a,&%'4$0:-%&*'S-6,'5&)*-%#P&*#&'&@.&"-0&%6)5'"&+&)"4,H'6,&'."$R&46'
S-55'."$A-*&'L&7'+4-&%2Q4')*A)%4&+'"&5&A)%6'6$',10)%',&)56,')%*'6,&'
1%*&"+6)%*-%#'$>'6,&':-$5$#-4)5'S$"5*D'

I&+&)"4,&"+'S-55')..57'0152+4)5&':-$P+-015)2$%'0&6,$*$5$#7'6$'
6,"&&'+4-&%2Q4'."$:5&0+f'B=C'9-015)2$%'$>'L&7'+6&.+'$>'6,&'dF8'A-")5'
"&.5-4)2$%'4745&D'E,&',10)%'-001%$*&Q4-&%47'A-"1+'67.&'='BdF8P=C'
:&#-%+')++&0:57'S-6,'01520&"-\)2$%'$>'6,&'Y)#'.$57."$6&-%'%&)"'
6,&'.5)+0)'0&0:")%&'$>'-%>&46&*'4&55+D'E,&"&',)+':&&%'*&:)6&'$A&"'
&@)4657',$S'0)%7'Y)#+')"&'-%'6,&'-00)61"&'A-"-$%D'E,&'"&+&)"4,&"+'S-55'
1+&'6,&-"'0&6,$*$5$#7'6$'4$%+6"146'4$)"+&P#")-%&*'B/YC'0$*&5+'*-"&4657'
>"$0'+6"1461")5':-$5$#7'&@.&"-0&%6+')%*'.,7+-4+P:)+&*'-%6&")42$%'
0$*&5-%#D'B;C'9-015)2$%'$>'6,&'I-:$+$0&D'M"$6&-%':-$+7%6,&+-+'-+'
)'4$"&'5->&'."$4&++'-%'4&55+H'S,-4,'-+'0)-%57')4,-&A&*':7'"-:$+$0&+D'
9-%4&'6,&'"-:$+$0&+')"&'6)"#&6+'>$"'*"1#+'+14,')+')%2:-$24+H')'*&&.'
1%*&"+6)%*-%#'$>'6,&'0&4,)%-+0'$>'."$6&-%'+7%6,&+-+'4)%')-*'-%'*"1#'
*-+4$A&"7D'BOC'9-015)2$%'$>'0-4"$61:15&+D'X-4"$61:15&+')"&'$%&'$>'6,&'
L&7'4$0.$%&%6+'$>'6,&'476$+L&5&6$%H'-%A$5A&*'-%'6")k4L-%#H'+6"1461")5'
+1..$"6H')%*'476$L-%&+-+D'X-4"$61:15&+')"&'.$570&"+')++&0:5&*'>"$0'
)5.,)]:&6)'61:15-%'*-0&"+'-%'6,&'>$"0'$>'61:&+'S-6,')'*-)0&6&"'$>' 
;j'%0')%*'A)"-):5&'5&%#6,+D'W&4)1+&'$>'6,&-"'+-\&')%*'6,&'5$%#'
20&+4)5&'*7%)0-4+'$>'6,&+&')++&0:5-&+H'6,&+&'5)"#&')%*'-0.$"6)%6'
."$6&-%')++&0:5-&+'-%,&"&%657'"&e1-"&')'.&6)+4)5&'0152+4)5&'+-015)2$%'
).."$)4,D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Robert Harrison 

T)L'I-*#&'G)2$%)5'():$")6$"7''b'',)""-+$%"Rc$"%5D#$A

Chemistry

!441")6&'G10&"-4)5'9-015)2$%+'$>'/,&0-4)5'M,&%$0&%)'F%A$5A&*'
-%'?%&"#7'M"$*142$%')%*'96$")#&'S-6,'X!JG?99')%*'XMt/

I&+&)"4,&"+'."$.$+&'6$'>$41+'$%'6,&'."$:5&0+'$>'4)6)57+-+')%*'
,&)A7'&5&0&%6'4,&0-+6"7'>$"'>1&5'"&."$4&++-%#s:$6,'$>'S,-4,'
)"&'$>'-00&*-)6&'-%6&"&+6'6$'6,&'J&.)"60&%6'$>'?%&"#7'BJT?CH')"&'
"&."&+&%6)2A&'$>')'A&"7':"$)*'45)++'$>'."$:5&0+'-%'4,&0-+6"7H')%*'
*&0)%*'6,&'&%$"0$1+'4$0.16)2$%)5'"&+$1"4&+')%24-.)6&*'>"$0'6,&'
%&@6'#&%&")2$%'$>'5&)*&"+,-.'4$0.12%#'>)4-5-2&+D'!5+$'4$00$%'6$'
:$6,'-+'6,&'%&&*'>$"')441")6&'&5&46"$%-4'+6"1461"&'4)5415)2$%+'$>',&)A7'
&5&0&%6+'-%'4$0.5&@'&%A-"$%0&%6+D

I0501A/,/f'!'4)6)57+6'#"&)657'-0."$A&+'6,&'&k4-&%47'$>')'*&+-"&*'
4,&0-4)5'"&)42$%H')%*'4)6)5724'."$4&++&+')"&'*-"&4657'-%A$5A&*'-%'6,&'
+7%6,&+-+'$>';<u'$>')55'-%*1+6"-)5'."$*146+D'a-6,-%'6,&'JT?'0-++-$%H'
4)6)57+6+'>&)61"&'."$0-%&%657'-%'45&)%&"')%*'0$"&'&k4-&%6'&%&"#7'
."$*142$%H'&@&0.5-Q&*':7'6,&'>1&5'4&55')%*'+6$")#&'6&4,%$5$#-&+D'E$'
*)6&H'4)6)57+6+',)A&':&&%'*&+-#%&*'5)"#&57'1+-%#'6"-)5')%*'&""$"H'&D#DH'
+7%6,&+-\-%#')%*'6&+2%#')'.$6&%2)5'%&S'4)6)57+6'6$'*&6&"0-%&'->'6,&'
"&)42$%'-+'0$"&'&k4-&%6D'E,-+'."$4&++'-+':$6,'&@.&%+-A&')%*'20&P
4$%+10-%#')%*'")"&57'5&)*+'6$'%$A&5'4)6)57+6+D'/$0.16)2$%)5'0$*&5-%#'
)%*'+-015)2$%'4)%'-0."$A&'6,-+'."$4&++H'+1..$"2%#'&@.&"-0&%6'
:7'-0."$A&*')%)57+-+')%*'-%6&"."&6)2$%'$>'*)6)H')%*'1520)6&57H'
-%'.)"6%&"+,-.'S-6,'&@.&"-0&%6H'&%):5-%#'6,&'*&+-#%'$>'4)6)57+6+'
>"$0'Q"+6'."-%4-.5&+D'I&+&)"4,&"+'S-55'>$41+H'-%'4$55):$")2$%'S-6,'
&@.&"-0&%6)5-+6+')6'TIG(H'$%'4,&0-4)5'."$4&++&+'$%'-0.&">&46'0&6)5P
$@-*&'+1">)4&+D

H)03A&)1)-).5&8')-,/5(A&;#(&;9)1&()$(#8)//,.Bf'F%'4$55):$")2$%'
S-6,'&@.&"-0&%6)5-+6+')%*'6,&$"-+6+H'"&+&)"4,&"+'S-55'>$41+'$%'6S$'
)+.&46+'$>',&)A7'&5&0&%6'4,&0-+6"7'>$"'>1&5'"&."$4&++-%#f'0$5&415)"'
-%6&">)4-)5'.)"22$%-%#')%*'5-#)%*'*&+-#%D'/"-24)5'6$':$6,')"&'").-*H'7&6'
e1)%26)2A&H'0$*&5+'>$"'6,&'-%6&")42$%'$>',&)A7'&5&0&%6+'S-6,'%$A&5'
$"#)%-4'5-#)%*+H')%*'6,&'-%6&")42$%'$>':$6,'S-6,')'0152+.&4-&+'+$5A&%6D'
9.&&*'-+'&++&%2)5'>$"'4$0:-%)6$"-)5'*&+-#%'*1&'6$'6,&'&A)51)2$%'$>')'
,1#&'%10:&"'$>'4)%*-*)6&+H')%*')5+$'6$'&%):5&'0@&,.,:#'*7%)0-4+'>$"'
6,&'-%451+-$%'$>'Q%-6&'6&0.&")61"&')%*'&%6"$.7D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Mark Gordon 

F$S)'96)6&'N%-A&"+-67''b''0)"Lc+-D0+#D4,&0D-)+6)6&D&*1

Chemistry

d-#,P!441")47'M"&*-42$%+'$>'6,&'W15L'M"$.&"2&+'$>'a)6&"
Among the 0@&,.,:#'0&6,$*+H'+&4$%*P$"*&"'.&"61":)2$%'6,&$"7'BXM;C'
."&*-46+',-#,57')441")6&'+6"1461"&+')%*'"&5)2A&'&%&"#-&+'>$"'S)6&"'
451+6&"+D'I&+&)"4,&"+'S-55'4)""7'$16'0$5&415)"'*7%)0-4+'+-015)2$%+'
$>'S)6&"')6'6,&'XM;'5&A&5D'd$S&A&"H'>155'XM;'4)5415)2$%+'$>'&A&%'
0$*&+6P+-\&*'S)6&"'451+6&"+')"&'>)"'6$$'20&P4$%+10-%#'>$"'*7%)0-4)5'
+-015)2$%+H'&A&%'$%'6,&'%&@6P#&%&")2$%'W51&'Y&%&D'E,&"&>$"&H')'L&7'
&5&0&%6'$>'6,&'41""&%6').."$)4,'S-55':&'6,&'1+&'$>'XM;'-%'4$%R1%42$%'
S-6,'6,&'3")#0&%6'X$5&415)"'T":-6)5'B3XTC'0&6,$*D'/$0.)"&*'S-6,'
6$*)7K+'4)5415)2$%+H'"&+&)"4,&"+'S-55'*&6&"0-%&'6,&':15L'."$.&"2&+'
)6',-#,&"'5&A&5+'$>')441")47'1+-%#'5)"#&"':)+-+'+&6+H'5)"#&"'&0:&**&*'
451+6&"+H')%*'5$%#&"'*7%)0-4+'+-015)2$%+H')+'.&"0-_&*':7'6,&'#"&)6&"'
4$0.16)2$%)5'4).)4-67')A)-5):5&'S-6,'6,&'W51&'Y&%&D'E,&7'S-55'6)"#&6'
6,&'>$55$S-%#':15L'."$.&"2&+'$>'S)6&"f'+6"1461"&H'*&%+-67H'"&>")42A&'
-%*&@H'*-U1+-$%'4$%+6)%6H'>"&&'&%&"#7H',&)6'4).)4-67H'*-&5&46"-4'4$%+6)%6H'
A).$"-\)2$%'&%6,)5.7H'-+$6,&"0)5'4$0."&++-:-5-67H')%*'6,&"0)5'
&@.)%+-$%'4$&k4-&%6+D'E,&'Q%)5'&-#,6'."$.&"2&+')"&'0$"&'*-k4156'6$'
$:6)-%'6,)%'6,&'Q"+6'6S$D'a,-5&'W51&'Y&%&]M'#-A&+'#$$*'&+20)6&+H'
6,&'#"&)6&"'4).)4-67'$>'6,&'%&@6P#&%&")2$%'W51&'Y&%&'S-55':&'4"-24)5'
6$'&+6):5-+,-%#'4$%A&"#&%4&'$>'6,&+&'."$.&"2&+'S-6,'"&+.&46'6$'
6,&$"7H':)+-+'+&6H'451+6&"'+-\&H')%*'+-015)2$%'5&%#6,D'E,&"&',)A&':&&%'
4$%V-42%#'"&.$"6+'-%'6,&'5-6&")61"&'):$16'6,&'"&5&A)%4&'$>'Z4,)-%['
$"["-%#['%&6S$"L+'-%'S)6&"D'E,&',-#,P)441")47'+-015)2$%+'$%'6,&'%&@6P
#&%&")2$%'W51&'Y&%&'S-55',&5.'+&_5&'6,-+')"#10&%6'):$16'6,&'+6"1461"&'
$>'5-e1-*'S)6&"D

Early Science Program  
Intrepid Allocation:
;'X-55-$%'d$1"+
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M&">$"0-%#'6,&'()"#&+6'N%+6"1461"&*'()"#&'?**7'9-015)2$%'
$>')'I&)5H'3155'/$0:1+2$%'/,)0:&"

E,&'-%4"&)+&'$>'4$0.16&"'.$S&"',)+')55$S&*'+4-&%4&'6$'0)L&'
-0.$"6)%6'+6"-*&+'-%')'A)"-&67'$>'*$0)-%+'+14,')+'.5)+0)'+61*-&+H'
:-$0&4,)%-4+H')%*'0$5&415)"'*7%)0-4+D'a-6,')44&++'6$'6,&'FG/FE?'
."$#")0H'"&+&)"4,&"+'>"$0'/?I3!/9'B6,&'?1"$.&)%'/&%6"&'>$"'I&+&)"4,'
)%*'!*A)%4&*'E")-%-%#'-%'94-&%2Q4'/$0.16)2$%C',)A&':&&%'):5&'6$'
.&">$"0'6$.P$>P6,&P5-%&'e1)5-67'+-015)2$%+'$%',-#,57'4$0.5&@'4)+&+'-%'
6,&-"'#$)5'6$S)"*+'6,&'>1557'%10&"-4)5'0$*&5-%#'$>')'"&)5'4$0:1+6$"D

E,-+'"&+&)"4,'-+'>$41+&*'$%'()"#&'?**7'9-015)2$%'B(?9C'$>'#)+'61":-%&'
&%#-%&+'S-6,'6,&'-%451+-$%'$>'5-e1-*'.,)+&'.,&%$0&%)D'/?I3!/9',)+'
.&">$"0&*'+-015)2$%+')%*'A)5-*)2$%'$>'6S$P.,)+&'V$S'&@.&"-0&%6+D'
F%'.)")55&5H'6)L-%#')*A)%6)#&'$>'6,&'5&)*&"+,-.P45)++'4$0.16&"')A)-5):5&'
)6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67H'6,&'"&+&)"4,&"+',)A&'
.&">$"0&*'6,&'5)"#&+6'1%+6"1461"&*'(?9'*$%&'6$'*)6&'$>')'"&)5H'>155'
4$0:1+2$%'4,)0:&"'BOO<'0-55-$%'&5&0&%6+C'$%'0$"&'6,)%'=hm'4$"&+D'
E,-+'+-015)2$%'4$%6"-:16&+'6$'6,&'A)5-*)2$%'$>'6,&'(?9').."$)4,'S,&%'
*&)5-%#'S-6,'4$0:1+2$%'-%+6):-5-2&+D'F%'6,&+&'4)+&+H'6,&'&U&46+'$>'
0&+,'"&Q%&0&%6')"&')',-#,57'4"-24)5'.$-%6'6,)6'S)+'A)5-*)6&*'*1"-%#'
6,&'96)%>$"*'/&%6&"'>$"'E1":15&%4&'I&+&)"4,'B/EIC'+100&"'."$#")0D'
!'+&4$%*'0&+,'-%*&.&%*&%47'A)5-*)2$%'S)+'.&">$"0&*H':16'6,-+'
20&'-6'1+&*')'+-0.5&"H'6S$P.,)+&PV$S'+-%#5&':1"%&"'S-6,'6,"&&'5&A&5+'
$>'"&Q%&0&%6'BvPH'wPH')%*'=hP0-55-$%'&5&0&%6+CD'E,&+&'"&+156+'S&"&'
.1:5-+,&*'-%'6,&'/EI'M"$4&&*-%#+'$>'6,&';<=<'9100&"'M"$#")0':7'
/)0:"-*#&'N%-A&"+-67'M"&++D'?A)51)2$%'$>'6,&'1%:)5)%4&'$:+&"A&*'-%'
()#")%#-)%'+-015)2$%+'"&0)-%+'6$':&'.&">$"0&*D

INCITE Allocation: 
w'X-55-$%'d$1"+

Contact ! Thierry Poinsot 

/?I3!/9''b''E,-&""7D.$-%+$6c4&">)4+D>"

V,)1+/&#;&5)-$)(059()&0.+&$()//9()&,.&
0&/,-910:#.&#;&0&8#-$1)5)&')1,8#$5)(&
8#-@9/:#.&8'0-@)(&$)(;#(-)+&#.&5')& 
TQ<&Q19)&Z).)aL&05&5')&NRIV&!S91A&\X[X%K

]"')&,-$085&#;&5')&T2IT"_&$(#G)85&
#.&#9(&()/)0(8'&,/&)//).:01&@)809/)&
,5&@(,.B/&80$08,:)/&5'05&F)()&
/,-$1A&.#5&030,10@1)&9$&5#&.#F&0.+&
011#F/&9/&5#&8#-$95)&()01&).B,.)/&
0.+&.#5&#.1A&10@#(05#(A*/,-$1,7)+&
/)59$/K&"')&+)3)1#$-).5&#;&5')&
/#13)(&,5/)1;&,.&8#110@#(0:#.&F,5'&
N(B#..)&()/)0(8'&/8,).:/5/&,/&01/#&
)//).:01K&b9(&5)0-&'0/&F#(6)+&
F,5'&5')&NRIVW/&J(K&Q0106(,/'.0.&
05&450.;#(+&5',/&/9--)(E&7.,/',.B&
5')&>>X*-,11,#.*8)11&8#-$()//,@1)&
/,-910:#.E&F',8'&'0+&.)3)(&@)).&
+#.)&@);#()K&"#B)5')(E&F)&01/#&
'03)&/).5&0&$(#$#/01&;#(&5')&Zc&
)C0/801)&,.,:0:3)E&,.&F',8'&F)&
$()$0()&#9(&8#+)/&;#(&5')&.)C5*
B).)(0:#.&-08',.)K̂
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Contact ! Theresa Windus 
!0&+'():$")6$"7''b''6,&"&+)cQD)0&+5):D#$A

]"')&T2IT"_&$(#B(0-&0.+&/50d&
'03)&011#F)+&9/&5#&/801)&#9(&
/#eF0()&5#&>\&(086/&#;&5')&
QZaL&0.+&5#&$)(;#(-&10(B)*
/801)&/,-910:#./&5'05&F#91+&.#5&
#5')(F,/)&@)&$#//,@1)K̂

WY]M'I)4L+f = ; v w =h O;

Cores: vH<oh wH=o; =hHOwv O;Hphw hjHjOh =O=H<p;

a)6&"+ Atoms
W)+-+'

31%42$%+
a)55P20&P6$P+$512$%'B0-%16&+C

=;w Owv jj<v wDh vDw ;Dp =Dw

;jh phw ==H<<w =oDw =<Dj jDw ODv ;Dv

j=; =jOh ;;H<=h ;wDo =jDv wDh jD= vD;

=<;v O<p; vvH<O; v=D= ;;D< =;Dv wD<

E,-+'"&+&)"4,'S-55'-0.)46')':"$)*')"&)'$>'6,&'4,&0-4)5'+4-&%4&+')%*'>$"#&'
)'.)6,'>$"'+1:+&e1&%6'"&+&)"4,':7'6,&'4$001%-67D

[EX\`&F05)(&
-#1)891)/&,.&0&10f8)&

8#.7B9(0:#.K& 
I()+,5M&Z)#(B)&

48'#).+#(dE& 
T#F0&4505)&P.,3)(/,5AK

Chemistry

M"&*-42%#'W15L'M"$.&"2&+'$>'a)6&"'97+6&0+
!0&+'():$")6$"7'"&+&)"4,&"+')"&'1+-%#',-#,Pe1)5-67'&5&46"$%-4'
+6"1461"&'6,&$"7H'+6)2+24)5'0&4,)%-4)5'0&6,$*+H')%*'0)++-A&57'.)")55&5'
4$0.16&"+'6$'."&*-46':15L'."$.&"2&+'$>'S)6&"'+7+6&0+'6,)6'"&e1-"&'
,-#,'Q*&5-67D'E,-+'0$5&415)"P+4)5&'4,)55&%#&'-+'$>'4"-24)5'-0.$"6)%4&'6$'
%)2$%)5'+4-&%2Q4'-++1&+'+14,')+'#5$:)5'S)"0-%#')%*'6,&'&%A-"$%0&%6D

E,&'"&+&)"4,'1%*&"'S)7'-+'6)"#&2%#'A&"7'5)"#&'+7+6&0+'S,$+&'+-\&+'
4)%'$%57':&')**"&++&*'S-6,'0)++-A&'4$0.16)2$%)5'"&+$1"4&+D'E,&'
"&+&)"4,&"+')"&'1+-%#'Y!X?99')%*'Ga/,&0'4$*&+'-%'+-015)2$%+'
$%'F%6"&.-*H'6,&'FWX'W51&'Y&%&]M',$1+&*')6'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67'B!(/3CD'W$6,'4$*&+')"&'S-6,$16'e1&+2$%'6,&'6S$'
0$+6':"$)*57'*-+6"-:16&*'+4)5):5&'&5&46"$%-4'+6"1461"&'+7+6&0+D'E,&'
"&+&)"4,'-+'>$41+&*'$%'1%*&"+6)%*-%#'6,&'0$5&415)"P5&A&5'*7%)0-4+'$>'
S)6&"H'6,&'>$"0)2$%'$>')&"$+$5+'-0.$"6)%6'-%'45$1*'>$"0)2$%H')%*'6,&'
-%6&")42$%+'$>'*&%*"-0&"+'S-6,'5-#)%*+'$>'&%A-"$%0&%6)5'-0.$"6)%4&D'
F%'&)4,'$>'6,&+&')..5-4)2$%+H'6,&'1%*&"57-%#'"&+&)"4,'-+'+&x%#')'%&S'
+6)%*)"*'>$"'6,&'."&*-42A&'4$0.16)2$%'$>':15L'."$.&"2&+D'

()"#&'451+6&"+'$>'S)6&"')"&'%$S'
)0&%):5&'6$'0$5&415)"'*7%)0-4+'
+-015)2$%+'S-6,'6,&'5)"#&'
-0."$A&0&%6+'6,)6',)A&':&&%'
0)*&'-%'6,&'3")#0&%6'X$5&415)"'
T":-6)5'B3XTC'0&6,$*'-%'Y!X?99D'
Y"),)0'35&64,&"')6'6,&'!(/3',)+'
:&&%'-%+6"10&%6)5'-%'0)L-%#'6,&+&'
-0."$A&0&%6+D'!+'6,&'"&+156+'
:&5$S'+,$SH'O;'")4L+'$>'6,&'WY]M'
+7+6&0'4)%':&'A&"7'&U&42A&57'1+&*'
>$"'6,&+&'+-015)2$%+D

INCITE Allocation:
w'X-55-$%'d$1"+
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EChemistry 

9-015)2$%'$>'()"#&'/$%>$"0)2$%)5'E")%+-2$%+' 
-%'X)4"$0$5&415)"'97+6&0+'N+-%#'(&)*&"+,-.'/$0.12%#

Contact ! Benoit Roux   

E,&'N%-A&"+-67'$>'/,-4)#$]!"#$%%&'G)2$%)5'():$")6$"7''b''"$1@c14,-4)#$D&*1

Specialized strategies maximize simulation studies  
of protein gating
!6$0-+24'0$5&415)"'*7%)0-4+'BXJC'+-015)2$%+')"&'-%4"&)+-%#57'
,&5.-%#'1+'6$'1%*&"+6)%*'4$0.5&@'0)4"$0$5&415)"'+7+6&0+D'F6'-+H'
,$S&A&"H'&++&%2)5'6$'*&A&5$.'+.&4-)5'+6")6&#-&+'6$'#&6'e1)%26)2A&57'
0&)%-%#>15'"&+156+'6,)6'4)%':&'4$0.)"&*'S-6,'&@.&"-0&%6+D'X)%7'
e1&+2$%+'4)%%$6':&')**"&++&*'S-6,'Z:"16&'>$"4&['XJ'+-015)2$%'
0&6,$*+D'9.&4-)5'0&6,$*+')%*'+6")6&#-&+')"&'%&&*&*H'>$"'&@)0.5&H'6$'
6"&)6'5)"#&P+4)5&'0$2$%+'-%'0)4"$0$5&415&+'6$':&+6'1+&'5&)*&"+,-.P
4$0.12%#'"&+$1"4&+'+14,')+'!"#$%%&K+'W51&'Y&%&]MD'

!"#$%&'(()"'*+$,&-$%.&/$,/$.&"0&10/)$(2.
F%'6,-+'."$R&46H'"&+&)"4,&"+'S-55'*&A&5$.'%$A&5')%*'41x%#P&*#&'
).."$)4,&+':)+&*'$%'6,&'+6"-%#'0&6,$*'S-6,'+S)"0+P$>P6")R&46$"-&+'
)%*'X-5&+6$%-%#'S-6,'8$"$%$-'6&++&55)2$%'>$"'4,)")46&"-\-%#'5)"#&'
4$%>$"0)2$%)5'6")%+-2$%+'-%'4$0.5&@'0)4"$0$5&415)"'+7+6&0+D'E,&7'
S-55'1+&'F%6"&.-*'6$'4$0.16&'6,&'6")%+-2$%'.)6,S)7'>$"'6,&')42A)2$%'

$>'6,&'A$56)#&P#)6&*'mA=D;'
.$6)++-10'4,)%%&5H')'0&0:")%&P
)++$4-)6&*'."$6&-%'6,)6'>1%42$%+'
)+')'0$5&415)"'+S-64,D'E,-+'S-55':&'
6,&'Q"+6'ZQ&5*'6&+2%#['$>'6,-+'%$A&5'
)%*')*A)%4&*'0&6,$*$5$#7'$%')'
5)"#&'0)4"$0$5&415)"'+7+6&0D

ALCC Allocation:
;wDj'X-55-$%'d$1"+

!0%&N&/.0$/'#5&#;&5')&05#-,8&-#+)1&#;&
5')&,/#105)+&O3[K\&g4J&,.&5')&08:3)&!9$%&
8#.7B9(0:#.&;(#-&<J&/,-910:#./&,.&)C$1,8,5&
F05)(*-)-@(0.)&).3,(#.-).5

!@%&_.+*/505)/&#;&5')&g4J&8#.;#(-0:#.01&5(0./,:#.&;#(&5')&g4JE&
;(#-&<J&/,-910:#./M&5#$&(#FE&/,+)&3,)Fh&@#U#-&(#FE&)C5(08)11910(&
3,)Fh&$#/,:3)1A&8'0(B)+&()/,+9)/&#.&')1,C&4`&0()&8#1#()+&,.&@19)E&
F',1)&08,+,8&()/,+9)/&#.&')1,8)/&4[E&4\&0.+&4>&0()&,.&()+K
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Contact ! James Done 

'I&+&)"4,'M)"6%&"+,-.'6$'9&41"&'?%&"#7'>$"'!0&"-4)''b''*$%&c14)"D&*1

N&I05)B#(A&>&'9((,80.)E&-06,.B&10.+;011&01#.B&5')&Z91;&I#0/5&,.&b85#@)(&\X`iE&
B).)(05)+&@A&5')&2)/5)+&Y)B,#.01&I1,-05)&<#+)1K

]QA&9/,.B&5')&NRIV&;08,1,5AE&
5')&2YI<&,/&0@1)&5#&8#.+985&
5')&/,-910:#./&05&0&3)(A&',B'&
()/#19:#.&!)D9,301).5&5#&5#+0AW/&
'9((,80.)&;#()80/5&-#+)1/%&/#&
5'05&8(,:801&+)50,1/&#;&'9((,80.)&
;#(-0:#.E&/5(9859()E&0.+&,.5)./,5A&
80.&@)&/,-9105)+K&"',/&F,11&;9(5')(&
,-$(#3)&5')&$()+,8:#.&#;&'9((,80.)&
,-$085/&#.&#9(&8(,:801&#d/'#()&
).)(BA&,.;(0/5(9859()K̂

TOA Outgoing Long Wave W m-2

130

150

170

190

210

230

250

270

290

Climate Research

!++&++-%#'3161"&'d1""-4)%&'F0.)46+
Director’s Discretionary 
Allocation:
=p'X-55-$%'d$1"+

I&+&)"4,&"+')6'6,&'G)2$%)5'/&%6&"'>$"'!60$+.,&"-4'I&+&)"4,'BG/!IC'
)%*'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'B!(/3C')"&'1+-%#'6,&'
G&+6&*'I&#-$%)5'/5-0)6&'X$*&5'BGI/XC'$%'6,&'!(/3K+'W51&'Y&%&]M'6$'
*&A&5$.'-0."$A&*')++&++0&%6+'$>'-0.)46+'>"$0'!65)%24',1""-4)%&+'
$A&"'6,&'%&@6'+&A&")5'*&4)*&+D'

E,&'GI/X'4$0:-%&+'6,&'S-*&57'1+&*'a&)6,&"'I&+&)"4,')%*'
3$"&4)+2%#'BaI3C'0$*&5')%*'6,&'/$001%-67'/5-0)6&'97+6&0'X$*&5'
B//9XCD'E,"$1#,'6,-+'4$0:-%)2$%H'GI/X'-+'):5&'6$'&U&42A&57'125-\&'
:$6,'6,&'45-0)6&'+-015)2$%'4).)4-67'$>'//9X')%*'6,&',1""-4)%&'
4).)4-67'$>'aI3'6$'."$A-*&'-0."$A&*'."&*-42$%+'$>'>161"&',1""-4)%&'
)42A-67'6$'0)R$"'+$4-&6)5')%*'-%*1+6"7'#"$1.+D'

E,&'S$"L'-+'4$%6"-:12%#'6$')'JT?P-%*1+6"7'4$55):$")2$%'1%*&"'6,&'
I&+&)"4,'M)"6%&"+,-.'6$'9&41"&'?%&"#7'>$"'!0&"-4)'BIM9?!C'."$#")0H'
S-6,'&0.,)+-+'$%'4,)%#-%#'4,)")46&"-+24+'$>',1""-4)%&+'-%'6,&'Y15>'
$>'X&@-4$'$U+,$"&'$-5')%*'#)+'Q&5*+D'I&+&)"4,'6$'*)6&',)+'-%*-4)6&*'
)%'-%4"&)+&'-%',1""-4)%&'-%6&%+-67'6,"$1#,';<j<D'W16'6,-+'-+'4$1%6&"&*'
:7'6,&',1""-4)%&+':&-%#'+0)55&"')%*'>)+6&"H'+$'6,)6'6,&'%&6'*)0)#&'
.$6&%2)5'-+'."&*-46&*'6$'*&4"&)+&'+5-#,657D'
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/5-0)6&Pa&)6,&"'X$*&5-%#'961*-&+'N+-%#')'M"$6$67.&'
Y5$:)5'/5$1*P97+6&0'I&+$5A-%#'X$*&5

94-&%2+6+'&@.&46'6,&'1%*&"+6)%*-%#'$>'6,&'"$5&'$>'45$1*+'-%'45-0)6&'6$'
1%*&"#$')'e1)5-6)2A&'4,)%#&')+'6,&'"&+$512$%+'$>'#5$:)5'0$*&5+':&#-%'
6$'&%4$0.)++'45$1*+D'!6'6,&+&'"&+$512$%+H'%$%P,7*"$+6)24'*7%)0-4+'
:&4$0&'+-#%-Q4)%6')%*'*&&.'4$%A&42A&'."$4&++&+')"&'"&+$5A&*D'
94-&%2+6+')"&'.$-+&*')6'6,&'6,"&+,$5*'$>':&-%#'):5&'6$'"1%'#5$:)5'+4)5&'
+-015)2$%+'6,)6'-%451*&'*-"&46H'%$%P.)")0&6&"-\&*H'+-015)2$%+'$>'
*&&.'4$%A&42A&'45$1*+D'

E,&'#$)5'$>'6,-+'."$R&46'-+'6$'1+&'6,&'%&@6P#&%&")2$%'W51&'Y&%&'+7+6&0'
6$'&@.5$"&'6,&'>"$%2&"'$>'S&)6,&"'."&*-42$%')%*'45-0)6&'0$*&5-%#'
S-6,'6,&'%&S57'*&A&5$.&*'Y&$.,7+-4)5'351-*'J7%)0-4+'():$")6$"7'
BY3J(C'#5$:)5'45$1*P"&+$5A-%#'0$*&5D'!'+-%#5&H'1%-Q&*')60$+.,&"-4'
0$*&5-%#'+7+6&0'S-6,')'41:&*P+.,&"&'*7%)0-4)5'4$"&')%*':15L'45$1*'
0-4"$.,7+-4+'"1%%-%#')6',7*"$+6)24'By'=<'L0C')%*'%$%P,7*"$+6)24'Bz{'
j'L0C'"&+$512$%+'S-55':&'"1%'S-6,'6,&'#$)5'$>'4).61"-%#'6,&'45-0)6$5$#7'
$>'45$1*+')%*'+&A&"&'+6$"0+'-%')'S)"0-%#'S$"5*D'E,&'):-5-67'6$'
"&."$*14&',-+6$"-4)5'6"$.-4)5'+6$"0'+6)2+24+'S-55':&'1+&*')+')'6&+6'$>'
6,-+'#"$1%*P:"&)L-%#'0$*&5D'E,&'.1".$+&'$>'6,&'&@.&"-0&%6+'."$.$+&*'
-+'6$'A)5-*)6&'6,&'#5$:)5'45$1*P"&+$5A-%#'45-0)6&'0$*&5'A-)',1""-4)%&'
,-%*4)+6+D'3$"'6,-+'.1".$+&H'6,&'+4-&%2+6+'S-55'.&">$"0',1""-4)%&'
A&"-Q4)2$%'+61*-&+'>$"'6,&';<<w'!65)%24'9&)+$%D'96$"0+'-%';<<w'5)+6&*'
)'6$6)5'$>'=<<'*)7+^'.&">$"0-%#'jP*)7'>$"&4)+6+'$%'&)4,'$>'6,&'*)7+'
S$15*'#-A&')'6$6)5'$>'j<<'>$"&4)+6'*)7+'>$"'6,&'+&)+$%D

Contact ! Venkatramani Balaji 

Y&$.,7+-4)5'351-*'J7%)0-4+'():$")6$"7''b'':)5)R-c."-%4&6$%D&*1

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Christos Frouzakis 

9S-++'3&*&")5'F%+2616&'$>'E&4,%$5$#7''b''>"$1\)L-+c5)AD0)A6D&6,\D4,'

Combustion

J-"&46'G10&"-4)5'9-015)2$%'$>'!16$-#%-2$%'-%')'|&6'
-%')'/"$++P35$S'/$0:1+2$%

(&)%'4$0:1+2$%'61":-%&+'."$A-*&'&@4&55&%6'$..$"61%-2&+'>$"'
&%A-"$%0&%6)557'>"-&%*57'."$.15+-$%')%*'&5&46"-4-67'#&%&")2$%H':16')"&'
+&A&"&57'5-0-6&*':7'6,&'*)%#&"'$>')16$-#%-2$%'$>'6,&'>1&5P)-"'0-@61"&'
:&>$"&'-6+'."$.&"'5$4)2$%D'31"6,&"'*&A&5$.0&%6'$>'%&@6P#&%&")2$%'
*&A-4&+',-%#&+'1.$%':&_&"'1%*&"+6)%*-%#'$>')16$-#%-2$%'-%'V$S+'6,)6'
)"&'4,)")46&"-\&*':7'4$%+-*&"):5&'V1461)2$%+'$>'A&5$4-67H'4$0.$+-2$%H'
)%*'6&0.&")61"&D'E,&')-0'$>'6,-+'."$R&46'-+'6$'+61*7'6,&'>1%*)0&%6)5'
)+.&46+'$>')16$-#%-2$%'-%')'>1&5P)-"'0-@-%#'.)_&"%'*-"&4657')..5-4):5&'
6$'0-@-%#'*146+'-%'#)+'61":-%&+D'E,&'G&Lj<<<P:)+&*'4$0:1+2$%'4$*&'
S-55':&'1+&*'6$'.&">$"0'A&"7'5)"#&P+4)5&'*-"&46'%10&"-4)5'+-015)2$%+'
$>')16$-#%-2$%'$>')'*-516&*',7*"$#&%'R&6'-%')'4"$++PV$S'$>',$6'
61":15&%6')-"'-%')'5):$")6$"7P+4)5&'4$%Q#1")2$%D'J&6)-5&*'*&+4"-.2$%'$>'
4,&0-+6"7')%*'0$5&415)"'6")%+.$"6'S-55':&'1+&*'6$'-%A&+2#)6&'6,&'V$S'
)%*'+4)5)"'Q&5*+'1%*&"'4$5*')%*'"&)42A&'4$%*-2$%+D'F6'S-55')5+$':&'1+&*'
6$'4$%+6"146'*)6):)+&+'6,)6'S-55':&'&@.5$"&*'>$"'7&)"+':7'&%#-%&&"+'
)%*'+4-&%2+6+'S$"L-%#'-%'&%#-%&'*&A&5$.0&%6'>$"'6,&'4$%+6"142$%'
)%*'A)5-*)2$%'$>')*A)%4&*'4$0:1+2$%'0$*&5+'>$"'&%#-%&&"-%#P67.&'
4$0.16)2$%)5'V1-*'*7%)0-4+'4$*&+D

Early Science Program  
Intrepid Allocation:
j'X-55-$%'d$1"+
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d-#,P9.&&*'/$0:1+2$%')%*'J&6$%)2$%'Bd9/JC
E,-+'."$R&46'S-55'#)-%'-%+-#,6'-%6$'6,&'.,7+-4)5'0&4,)%-+0+'$>'6,&'
:1"%-%#')%*'*&6$%)2$%'$>',7*"$#&%P$@7#&%'0-@61"&+D'F6'S-55'."$*14&'
+-015)2$%+'6$':&'1+&*'>$"'6,&'*&+-#%'$>'+)>&'+7+6&0+'>$"'>161"&'1+&'
$>',7*"$#&%'>1&5D'E,&'#$)5'$>'6,&'."$R&46'-+'6$'4"&)6&'Q"+6P."-%4-.5&+H'
.&6)+4)5&'*-"&46'%10&"-4)5'+-015)2$%'6$$5+'>$"'1%*&"+6)%*-%#')%*'
."&*-42%#',-#,P+.&&*'4$0:1+2$%')%*'*&6$%)2$%'Bd9/JC'.,&%$0&%)'
-%'"&)42A&'#)+&+D'I&+&)"4,&"+'S)%6'6$'1+&'Q"+6P."-%4-.5&+'+-015)2$%+'
>$"'>1%*)0&%6)5'1%*&"+6)%*-%#'$>'6,&'4$0.5&@'0152P+4)5&'.,7+-4+'$>'
6,&'6")%+-6$"7'"&#-0&+'$>'").-*'V)0&')44&5&")2$%')%*'*&V)#")2$%P
6$P*&6$%)2$%'6")%+-2$%'BJJECD'E,&'%&@6P#&%&")2$%'FWX'W51&'Y&%&'
+7+6&0'S-55'&%):5&'6,&0'6$'.&">$"0'Q"+6P."-%4-.5&+'+-015)2$%+'$>'JJE'
-%')'+6$-4,-$0&6"-4';d;'n'T;'0-@61"&'-%-2)557')6')60$+.,&"-4'."&++1"&'
-%')'=<<'}';Dj'}';Dj'40'+e1)"&'61:&D'E,-+'-+'+-0-5)"'6$')'67.-4)5'+&61.'
$>'6,&'JJE'&@.&"-0&%6+'6,)6'0&)+1"&'"1%'*-+6)%4&+'6$'*&6$%)2$%'
-%'"&)42A&'#)+&+D'I1%'*-+6)%4&'-+')'4"-24)5'.)")0&6&"'1+&*'>$"'
4,)")46&"-\-%#'+&%+-2A-67'$>')'"&)42A&'0-@61"&'6$'JJEH')%*'-6'-+'1+&*'>$"'
)++&++-%#'*&6$%)2$%',)\)"*')%*'*&+-#%-%#'+&A&"&')44-*&%6'0-2#)2$%'
+6")6&#-&+D'F%'6,&'&@.&"-0&%6+H':1"%-%#'-+'-%-2)6&*':7'-#%-2%#')'5)0-%)"'
V)0&'-%')'e1-&+4&%6'#)+'%&)"'6,&'45$+&*'&%*'$>'6,&'61:&D'!+'6,&'V)0&'
&@.)%*+H'6,&'61":15&%6':$1%*)"7'5)7&"'6,)6'>$"0+'%&)"'6,&'61:&'S)55+'

Contact ! Alexei Khokhlov 

E,&'N%-A&"+-67'$>'/,-4)#$''b'')RLc$**R$:D14,-4)#$D&*1

"'())*+,-)./,#.01&203,)(*45#6)/&7(/5*$(,.8,$1)/&+,()85&.9-)(,801&/,-910:#.&#;&0&<08'=>&()?)85)+&/'#86&@,;9(80:#.&,.&0&'A+(#B).*#CAB).&-,C59()&
,.&0&/D90()&8'0..)1E&$)(;#(-)+&F,5',.&5')&',B'*/$))+&8#-@9/:#.&0.+&+)5#.0:#.&$(#G)85&!H4IJ%K&L/)9+#*/8'1,)().&,-0B)&#;&0&5)-$)(059()&7)1+K&
I()+,5/M&N1)C),&O'#6'1#3&!P&#;&I%E&I'0(1)/&Q08#.&!N2R%E&4'0/',&N,5'01&!N2R%E&S#0..0&N9/:.&!PTPI%K

-%4"&)+&+'6,&':1"%-%#'")6&H')%*'
6,&'V)0&')44&5&")6&+'").-*57D'
9&4$%*)"7'+,$4L+')%*'."&++1"&'
S)A&+'#&%&")6&*'-%+-*&'6,&'V)0&'
:"1+,')**'6$'V)0&')44&5&")2$%D'
?A&%61)557'6,-+'5&)*+'6$')'5$4)5-\&*'
&@.5$+-$%')%*'6,&'$%+&6'$>')'
*&6$%)2$%'S)A&D

Early Science Program  
Intrepid Allocation:
j'X-55-$%'d$1"+
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Contact ! Peter Thompson 

'I$#1&'a)A&'9$`S)"&''b''.&6&"D6,$0.+$%c"$#1&S)A&D4$0

]N.A&:-)&B0,.)+&F#(6,.B&#.&5')&
Q19)&Z).)aL&,/&F)18#-)&5#&9/E&0/&
,5&F,11&1)0+&5#&@)U)(&8#+,.B&;#(&#9(&
9/)(/K̂

"#501g,)F&/8()).&/'#5K

Computer Science

F0.5&0&%2%#'6,&'E$6)58-&S'J&:1##&"'$%'6,&'!(/3K+'W51&'Y&%&]M
E,&'E$6)58-&S'*&:1##&"'-+')'6$$5'1+&*'-%')55'4$0.16)2$%)5'+4-&%4&+'
*1"-%#')..5-4)2$%'*&A&5$.0&%6D'a$"L'$%'6,&'E$6)58-&S'*&:1##&"'
$%'6,&'FWX'W51&'Y&%&]M'+1.&"4$0.16&"')6'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67'B!(/3C'&%4$0.)++&+'+&A&")5'>)4&6+D'E,&'Q"+6'+6&.'
>$41+&+'$%'#&x%#'E$6)58-&S'1.')%*'"1%%-%#'S-6,')55'6,&'+)0&'>&)61"&+'
6,)6'S&"&'-0.5&0&%6&*'$%'6,&'W51&'Y&%&]('B&D#DH'%$'6,"&)*'$"'+,)"&*'
5-:")"7'+1..$"6CD'E,&'+&4$%*'+6&.'-%A$5A&+'E$6)58-&S'.$"2%#'S$"L'
6$'-%451*&'6,"&)*')%*'+,)"&*'5-:")"7'+1..$"6D'E,&'Q%)5'+6&.'1+&+'6,&'
0)4,-%&'>$"':&%4,0)"L-%#'E$6)58-&S'$%')%'$%#$-%#':)+-+D

!+'6,&'Q"+6'6S$'+6&.+'."$#"&++H'4,)%#&+'6$'6,&'W51&'Y&%&'+$`S)"&'
+6)4L'0)7':&'%&&*&*D'/1""&%657H'6,&'0-%-010PA&"+-$%'5&A&5'%&&*&*'
-+'8=I=X;~j<<~;<<pH'S,-4,'+,$15*'-%451*&')%'1.*)6&'0)*&'-%'
J&4&0:&"';<<p'6$'"&0$A&'6,&'+&61-*'"&+6"-42$%'$%'6,&'0.-"1%'
."$4&++'"1%%-%#'$%'6,&'>"$%6'&%*'%$*&D

E$6)58-&S'-+'41""&%657'S$"L-%#'S&55'$%'W51&'Y&%&]M')6'*"-A&"'
5&A&5'8=IvX;~;<<~;<=<P=<<j<wMD'E,"&)*+')%*'+,)"&*'5-:")"-&+'
)"&'+1..$"6&*D'W&%4,0)"L-%#'S$"L'4$%2%1&+')+'S&'-%A&+2#)6&'
.&">$"0)%4&D'

E,&'E$6)58-&S'J&:1##&"'-+')'
."$*146'$>'I$#1&'a)A&'9$`S)"&D'
J&A&5$.-%#'.)")55&5H'*)6)P-%6&%+-A&'
)..5-4)2$%+'-+',)"*D'a&'0)L&'-6'
&)+-&"D

Director’s Discretionary 
Allocation:
jH<<<'d$1"+
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Contact ! Michael J. North

!"#$%%&'G)2$%)5'():$")6$"7''b''%$"6,c)%5D#$A

]"',/&011#80:#.&'0/&+(0-0:8011A&
@).)75)+&#9(&()/)0(8'&@A&011#F,.B&
9/&5#&5)/5&#9(&$10j#(-&05&10(B)&
/801)/K̂

Y)$0/5&4Ikk&9/)/&R#B#&5#&/$))+&-#+)1&+)3)1#$-).5K

Computer Science

I&.)+6'9/nnf'!'M5)�$"0'>$"'()"#&P+4)5&'!#&%6P:)+&*'X$*&5-%#
F%'6,&'5)+6'*&4)*&H')#&%6P:)+&*'0$*&5-%#')%*'+-015)2$%'B!WX9C',)+'
:&&%'+144&++>1557')..5-&*'6$')'A)"-&67'$>'*$0)-%+H'*&0$%+6")2%#'
6,&'.$6&%2)5'$>'6,-+'6&4,%-e1&'6$')*A)%4&'+4-&%4&H'&%#-%&&"-%#H'
)%*'.$5-47')%)57+-+D'd$S&A&"H'"&)5-\-%#'6,&'>155'.$6&%2)5'$>'!WX9'6$'
Q%*':"&)L6,"$1#,'"&+&)"4,'"&+156+'"&e1-"&+'>)"'#"&)6&"'4$0.12%#'
4).):-5-67'6,)%'-+')A)-5):5&'6,"$1#,'41""&%6'!WX9'6$$5+D'E,&'I&.)+6'
9-0.,$%7'>$"'/nn'BI&.)+6'9/nnC'."$R&46')**"&++&+'6,-+'%&&*':7'
*&A&5$.-%#')'%&@6P'#&%&")2$%'!WX9'+7+6&0'&@.5-4-657'>$41+-%#'$%'
5)"#&"P+4)5&'*-+6"-:16&*'4$0.12%#'.5)�$"0+D'

I&.)+6'9/nnK+'>$41+'-+'$%'0)L-%#'.$++-:5&'*-+6"-:16&*'"1%+'$A&"'0)%7'
0152.5&'."$4&++&+D'F%'*$-%#'+$H'I&.)+6'9/nn'&%):5&+'=C'0)++-A&'
-%*-A-*1)5'"1%+'�'"1%+'4$%6)-%-%#')'%10:&"'$>')#&%6+'+1k4-&%6'6$'
$A&"S,&50')'+0)55&"'%10:&"'$>'."$4&++&+^')%*';C'"1%+'4$%6)-%-%#'
"&5)2A&57'>&S'4$0.5&@')#&%6+H'S,&"&'6,&'4$0.16)2$%)5'4$0.5&@-67'
S$15*'$A&"S,&50')'+0)55&"'%10:&"'$>'."$4&++&+D'(&A&")#-%#'7&)"+'
$>'&@.&"-&%4&'-%'!WX9'6$$5L-6')%*'*&+-#%')%*'-0.5&0&%2%#'6,&'
4$"&'I&.)+6'>&)61"&'+&6H'I&.)+6'9/nn'-+')'1+&>15')%*'1+):5&'6$$5L-6D'F6'
)55$S+'1+&"+'6$'>$41+'$%'0$*&5'*&A&5$.0&%6')%*'-#%$"&'6,&'*&6)-5+'$>'
.)")55&5'."$#")00-%#D'a"-_&%'-%'.$"6):5&'/nnH')%*'1+-%#'XMF')%*'6,&'
:$$+6'5-:")"-&+H'I&.)+6'9/nn')4,-&A&+'Z#$$*'&%$1#,['.&">$"0)%4&')6'
5)"#&'+4)5&+D'9-015)2$%'0$*&5+'4)%':&'S"-_&%'-%'/nnH'1+-%#'6,&'4$"&'
+-015)2$%'4$0.$%&%6+'*-"&4657H'$"'-%')'($#$P+675&'/nn'6,)6'1+&+'6,&'

67.-4)5'($#$'61"65&H'.)64,H'5-%LH')%*'
$:+&"A&"'4$0.$%&%6+D'B9&&'Q#1"&'
:&5$SDC'E,&'I&.)+6'9/nn'6$$5L-6'
,)+':&&%'-0.5&0&%6&*')%*'6&+6&*'
$%'6,&'FWX'W51&'Y&%&]M')6'6,&'
!"#$%%&'(&)*&"+,-.'/$0.12%#'
3)4-5-67D'F6'S-55':&'"&5&)+&*')+')%'
$.&%'+$1"4&'-%'T46$:&"';<=<D'
I&.)+6'9/nn'-+'6,&'+1:R&46'$>')%'
-%A-6&*'4,).6&"'-%'6,&'>$"6,4$0-%#'
:$$L'R0(B)*4801)&I#-$9:.B&
")8'.,D9)/&;#(&I#-$1)C&4A/5)-&
4,-910:#./K&

Director’s Discretionary 
Allocation:
phHw<<'d$1"+
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Contact ! Shian‐Jiann Lin  

Y&$.,7+-4)5'351-*'J7%)0-4+'():$")6$"7H'GT!!''b''9,-)%P|-)%%D(-%c%$))D#$A

Earth Science

!'M"$.$+)5'>"$0'6,&'Y&$.,7+-4)5'351-*'J7%)0-4+'():$")6$"7'6$'M&">$"0'
M"$6$67.&'N56")'d-#,PI&+$512$%'/5-0)6&Pa&)6,&"'X$*&5-%#'961*-&+')6'
!"#$%%&'G)2$%)5'():$")6$"7

I&+&)"4,&"+'S-55'&@.5$"&'6,&'>"$%2&"'$>'S&)6,&"'."&*-42$%+')%*'
45-0)6&'0$*&5-%#'S-6,'6,&'%&S57'*&A&5$.&*'Y&$.,7+-4)5'351-*'
J7%)0-4+'():$")6$"7'BY3J(C'#5$:)5'45$1*P"&+$5A-%#'0$*&5'S-6,':15L'
0-4"$P.,7+-4+D'F%')**-2$%'6$'A)5-*)2%#'6,&'0$*&5'S-6,'6&+6'4)+&+H'
6,&7'S-55'4$%*146'6,"&&'67.&+'$>'%10&"-4)5'&@.&"-0&%6+f'B=C'#5$:)5'
+-015)2$%+'6$'A)5-*)6&'jP*)7',1""-4)%&'>$"&4)+6+'*1"-%#'$%&',1""-4)%&'
+&)+$%H'B;C',-#,P"&+$512$%'#5$:)5'+-015)2$%+'$>'+&5&46&*',1""-4)%&+H'
)%*'BOC'5$%#&"P6&"0'45-0)6&'+-015)2$%+D

E,&'%)0&'$>'6,&'Y3J('4$*&'6,&7'S-55'1+&'-+'dFI!XD'!+')'."&5-0-%)"7H'
6,&7'S-55'A)5-*)6&'6,&'0$*&5K+'+6):-5-67')%*'*7%)0-4)5'>$"015)2$%':7'
"1%%-%#'6,&'+6)%*)"*'d&5*P91)"&\'6&+6'4)+&D

3-"+6H'6,&'"&+&)"4,&"+'S-55'"1%')'+&6'$>',1""-4)%&',-%*4)+6+D'3$"'&)4,' 
$>'6,&'=<<'*)7+'$>'6,&';<<w'!65)%24',1""-4)%&'+&)+$%H'6,&7'S-55'"1%' 
)'=;'L0'B)A&")#&'#"-*'"&+$512$%C'#5$:)5',7*"$+6)24'+-015)2$%'>$"' 
j'+-015)6&*'*)7+'6$'."$*14&')'jP*)7'>$"&4)+6D'E,&7'S-55'4$0.)"&'6,&+&'
6$')461)5'S&)6,&"'*)6)'>$"'6,$+&'j'*)7+D'3$"'&)4,'"1%H'6,&7'S-55'-%-2)5-\&'
1+-%#')461)5',-+6$"-4)5'*)6)'>$"'6,&'+6)"2%#'*)7D

9&4$%*H'6,&'"&+&)"4,&"+'S-55'"1%'156")P,-#,'"&+$512$%'vDj'L0'%$%P
,7*"$+6)24'+-015)2$%+'$%'QA&'+&5&46&*'+6$"0+D'E,&7'S-55'>$41+'$%'
)441")47'$>',1""-4)%&'6")4L')%*'-%6&%+-67'."&*-42$%+D

E,-"*H'6,&'"&+&)"4,&"+'S-55'"1%'$%&P7&)"',-#,P"&+$512$%'=;'L0'
#5$:)5'+-015)2$%+'$>'6,&'7&)"';<<wD'E,-+'S-55':&')%'&%+&0:5&'$>'QA&'
!60$+.,&"-4'X$*&5'F%6&"4$0.)"-+$%'M"$R&46'B!XFMC'+675&'"1%+D'E,&7'
S-55'*$410&%6'6,&'+-015)6&*'45-0)6&')%*'+&A&"&'S&)6,&"'&A&%6+'B+14,'
)+',1""-4)%&+')%*'67.,$$%+C'*1"-%#'6,-+'.&"-$*D

ALCC Allocation:
;j'X-55-$%'d$1"+
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Contact ! Warren Washington 

G)2$%)5'/&%6&"'>$"'!60$+.,&"-4'I&+&)"4,'''b''S0Sc14)"D&*1

Earth Science

d$S'/)%'X$"&'F%6"-4)6&'/5-0)6&'X$*&5+'d&5.'/1":'Y5$:)5'a)"0-%#g
E,&'&U&46+'$>'45-0)6&'4,)%#&')"&')..)"&%6'-%'*&#")*-%#')-"'e1)5-67H'
-%6&%+-Q&*'6"$.-4)5'+6$"0+H')%*'6,&'"&+152%#'*&+6"142$%'$>'4$")5'"&&>+'
6,)6'."$6&46'6,&'4$)+6+'>"$0'&"$+-$%')%*'*&+6"142A&'S)A&+D'Y5$:)5'
S)"0-%#'-%4"&)+&+'6,&'$441""&%4&'$>'*"$1#,6+H',&)6'S)A&+H'S-5*Q"&+H'
)%*'V$$*+D'94-&%2+6+'01+6'-0."$A&'6,&'1%*&"+6)%*-%#'$>'6,&'-0.)46'
$>'#5$:)5'S)"0-%#'+$'6,)6'+$4-&67'4)%'$.20)557')**"&++'45-0)6&'
)*).6)2$%'4$%+-*&")2$%+D

!*A)%4&*'4$0.16)2$%H'5-L&'6,)6'.$++-:5&'$%'6,&'W51&'Y&%&]M')6'6,&'
!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'B!(/3CH')55$S+'"&+&)"4,&"+')6'
6,&'JT?'5):$")6$"-&+')%*'G)2$%)5'/&%6&"'>$"'!60$+.,&"-4'I&+&)"4,'
BG/!IC'6$'*&A&5$.'0$"&'4$0.5&@')%*'-%6"-4)6&'45-0)6&'0$*&5+D'E,&'
A-6)5'-%>$"0)2$%'6,&+&'-0."$A&*'0$*&5+'."$A-*&'S-55',&5.'#1-*&'
&%A-"$%0&%6)5'.$5-47D

E,&'J&.)"60&%6'$>'?%&"#7')S)"*+')55$4)2$%+'$>'4$0.12%#'"&+$1"4&+'
>$"'45-0)6&'+61*-&+')4"$++'0152.5&'5):$")6$"-&+'6,"$1#,'6,&'FG/FE?'
."$#")0D'F%'61"%H'6,&'/5-0)6&'94-&%4&'/$0.16)2$%)5'?%*'96)2$%'
B//?9C'$"#)%-\&+')%*'4$$"*-%)6&+'6,&+&'4$0.16)2$%)5'&U$"6+D

N+-%#'!(/3'"&+$1"4&+H'//?9'-+')*A)%4-%#'45-0)6&'+4-&%4&'6,"$1#,'
:$6,')##"&++-A&'0$*&5'*&A&5$.0&%6')42A-67')%*')%'&@6&%+-A&'+1-6&'
$>'45-0)6&'+-015)2$%+'6$'4$""&4657'+-015)6&'6,&'#5$:)5'4)":$%'4745&'
)%*'-6+'>&&*:)4L'6$'6,&'45-0)6&'+7+6&0H'-%451*-%#'-6+'A)"-):-5-67')%*'
0$*15)2$%':7'$4&)%')%*'5)%*'&4$+7+6&0+D

I&+&)"4,&"+')"&'6&+2%#')'%&SH'
,-#,57'+4)5):5&'0&6,$*'>$"'
+$5A-%#'6,&'V1-*'*7%)0-4+'$>'6,&'
)60$+.,&"&'>$"'1+&'-%'>161"&'
45-0)6&'+-015)2$%+D'E,-+'0$*&5H'
4)55&*'dTXX?H',)+'"1%'S-6,')'
"&+$512$%')+',-#,')+'=]wth'$>')'
*&#"&&'$>'5)261*&'$%'0$"&'6,)%'
w<H<<<'4$"&+D

G&@6H'"&+&)"4,&"+'S-55'1+&'dTXX?'
6$'.&">$"0'+6)%*)"*'45-0)6&'
0$*&5':&%4,0)"L'+-015)2$%+'>$"'
4$0.)"-+$%+'S-6,'$6,&"'0$*&5+D''
E,&7'S-55')5+$'6&+6'6,&'%&S'A&"+-$%'
$>'6,&'/$001%-67'?)"6,'97+6&0'
X$*&5'$%'6,&'!(/3K+'W51&'Y&%&]MD

INCITE Allocation:
O<'X-55-$%'d$1"+

]N/&81,-05)&-#+)1/&)3#13)&,.5#&
;911A&,.5)B(05)+&0.+&()01,/:8&)0(5'&
/A/5)-&-#+)1/E&5')&8#-$1)C,5A&
#;&5')&/,-910:#./&@)8#-)/&
).#(-#9/K&<#+)1,.B&5')&81,-05)&
05&5')/)&1)3)1/&#;&8#-$1)C,5A&,.&0&
:-)1A&;0/',#.&()D9,()/&-0//,3)1A&
$0(011)1&-08',.)/&;#(&7.)*/801)&
8#-$950:#.01&B(,+/&0.+&)C$)./,3)&
@,#B)#8')-,/5(A&0.+&05-#/$')(,8&
8')-,/5(A&$0860B)/K&T5&,/&/,-$1A&.#5&
$#//,@1)&F,5'#95&5')&#$$#(59.,5A&
0d#(+)+&@A&5')&T2IT"_&$(#B(0-K̂

**"#-&Q)UB)E&I##(+,.05#(&;#(&5')&II_4

"#501&$()8,$,50@1)&F05)(E&0&-)0/9()&#;&'#F&
-98'&-#,/59()&,/&,.&5')&0,(&;(#-&0&/,.B1)&
-#-).5&,.&:-)&,.&5')&B1#@01&/,-910:#.&
#;&5')&05-#/$')()&05&0&()/#19:#.&#;&'01;&0&
+)B())&#;&10:59+)K&!V,B9()&$(#3,+)+&@A& 
<0(6&"0A1#(E&40.+,0&20:#.01&R0@#(05#(,)/K%
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M Energy Technologies

?@.5$"-%#'M)"245&P-%P/&55]d7:"-*'9-015)2$%+'$>'3)+6'F#%-2$%
31+-$%'&%&"#7'-+'$%&'.$++-:5&'5$%#P6&"0'&%&"#7'+$512$%'6,)6'-+':$6,'
+)>&')%*'&%A-"$%0&%6)557'>"-&%*57D'3)+6'-#%-2$%'-+')%')56&"%)2A&'6$'
4$%A&%2$%)5'-%&"2)5'4$%Q%&0&%6'>1+-$%'41""&%657'.1"+1&*')6'6,&'
G)2$%)5'F#%-2$%'3)4-5-67D'E,-+'+4,&0&'+&.)")6&+'6,&'4$0."&++-$%'
)%*',&)2%#'.,)+&+'>"$0'-#%-2$%H'014,'5-L&')'.&6"$5'4$0:1+2$%'
&%#-%&D'F%'6,&'.&6"$5'&%#-%&H'6,&'>1&5'-+'4$0."&++&*':7'6,&'.-+6$%H'
)%*'6,&%'-#%-6&*'A-)'6,&'+.)"L'.51#D'F%'>)+6'-#%-2$%H'6,&'*"-A-%#'5)+&"+'
)"&'6,&'.-+6$%+H'4$0."&++-%#'6,&'>1&5'6$',-#,'*&%+-67^'6,&%')'+&4$%*'
5)+&"K+',-#,P-%6&%+-67'.15+&'+&"A&+')+'6,&'Z+.)"LD['I&+&)"4,&"+'>"$0'
6,&'N%-A&"+-67'$>'/)5->$"%-)�($+'!%#&5&+'BN/(!C',)A&'-0.5&0&%6&*')'
%&S57'-%A&%6&*'.)"245&P-%P4&55'BMF/C]0)#%&6$,7*"$*7%)0-4+'BXdJC'
,7:"-*'0&6,$*'6,)6'-+'O<<'6$'O<H<<<'20&+'>)+6&"'6,)%'>155'MF/D'E,&'
#"$1.'-+'"1%%-%#'6,"&&',7:"-*'+-015)2$%+'$>'>)+6'-#%-2$%'6)"#&6+H'.51+'
+$0&'>155'MF/]6")%+.$"6'"1%+'$%'F%6"&.-*H'6,&'.$S&">15'W51&'Y&%&]M'
+1.&"4$0.16&"')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'B!(/3CD

INCITE Allocation:
p'X-55-$%'d$1"+

Y)/)0(8')(/&;(#-&5')&P.,3)(/,5A&
#;&I01,;#(.,0lR#/&N.B)1)/&!PIRN%&
'03)&,-$1)-).5)+&0&.)F1A&
,.3).5)+&$0(:81)*,.*8)11&!LTI%a
-0B.)5#'A+(#+A.0-,8/&!<HJ%&
'A@(,+&-)5'#+&5'05&,/&>XX&5#&
>XEXXX&:-)/&;0/5)(&5'0.&;911&LTIK

Contact ! John Tonge 

N%-A&"+-67'$>'/)5->$"%-)s($+'!%#&5&+''b''6$%#&c.,7+-4+D145)D&*1

R#.B,59+,.01&)1)85(#.&89(().5/&#;&0&;0/5&,B.,:#.&50(B)5&,((0+,05)+&@A&0.&915(0',B'&,.5)./,5A&
10/)(K&N/&5')&10/)(&',5/&5')&50(B)5&;(#.5&;(#-&5')&1)e*'0.+&/,+)E&,5&B).)(05)/&0&/5(#.B&
,.F0(+&?#F&#;&)1)85(#./&!@19)%&5'05&,/&D9,861A&8#-$)./05)+&@A&0&/5(#.B&()59(.&89(().5&
5'05&@9,1+/&9$&,./,+)&5')&50(B)5&!A)11#Fa()+%E&1)0+,.B&5#&710-).50:#.K&T-0B)&B).)(05)+&
;(#-&0&/,-910:#.&#;&5')&LTI&8#+)&b4TYT4h&R9m/&4,130E&T4"E&L#(59B01h&n0(().&<#(,E&PIRNK
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Contact ! Andrew Siegel 

!"#$%%&'G)2$%)5'():$")6$"7''b''+-&#&5)c04+D)%5D#$A

Energy Technologies

F0."$A-%#'(-#,6'a)6&"'I&)46$"'31&5'I&5-):-5-67'
8-)'35$SPF%*14&*'8-:")2$%'9-015)2$%+

g)1#8,5A&+,/5(,@9:#.&,.&0&\[i*$,.&
()085#(&/9@0//)-@1AK

Vibrations at the heart of fuel rod failures 
3)-51"&+'$>'6,&'>1&5'"$*'&5&0&%6+'1+&*'6$'.$S&"'ND9D'%145&)"'.$S&"'
.5)%6+')"&'")"&D'a,&%'6,&7'*$'>)-5H',$S&A&"H'$%&'$>'6,&'0$+6'4$00$%'
4)1+&+'-+'V$SP-%*14&*'A-:")2$%'$>'>1&5')++&0:57'4$0.$%&%6+D'F% 
>)46H'6,&'?5&46"-4'M$S&"'I&+&)"4,'F%+2616&'"&.$"6+'6,)6'0$"&'6,)%' 
p<'.&"4&%6'$>')55'>1&5'>)-51"&+'-%'."&++1"&*'S)6&"'"&)46$"+')"&'*1&'6$'
#"-*P6$P"$*'>"&x%#D

Recent advances and state-of-the-art resources set stage for success
N+-%#'"&+$1"4&+')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67H'
+4-&%2+6+')"&'-%A&+2#)2%#'A-:")2$%+'4)1+&*':7'61":15&%6'V$S'-%'
6,&'4$"&'$>'5-#,6PS)6&"'"&)46$"+s6,&'0)R$"'4)1+&'$>'>1&5'>)-51"&')%*'
)'"&4$#%-\&*':$_5&%&4L'6$'$.20)5'>1&5'125-\)2$%D'E,-+'"&+&)"4,'
-+'&+.&4-)557'S&55'20&*H'#-A&%'"&4&%6')*A)%4&+'-%',-#,PQ*&5-67'
4$0.16)2$%)5'V1-*'*7%)0-4+'6,)6'0)L&'0152P.-%'5)"#&P&**7'
+-015)2$%+'B(?9C'4$0.16)2$%)557'S-6,-%'"&)4,H'4$1.5&*'S-6,'V1-*]
+6"1461")5'4$*&+'6,)6',)A&'"&)4,&*')'+6)6&'$>'0)61"-67'>)"':&7$%*'S,)6'
&@-+6&*')'*&4)*&')#$D'

Homegrown code, Nek5000, 
used to demystify forces in 
vibration
I&+&)"4,&"+'S-55'4$%*146'(?9'
+-015)2$%+'1+-%#'6,&'!"#$%%&P
*&A&5$.&*'4$*&'G&Lj<<<'6$':&_&"'
1%*&"+6)%*'A-:")2$%P*"-A&%'>$"4&+'
"&+152%#'>"$0'6,&'61":15&%6'V1-*'
V$S'-%'0152P.-%'4$%Q#1")2$%+'
$>'"&)5-+24'(aI'>1&5')++&0:57'
#&$0&6"-&+D'E,&+&'+-015)2$%+'
S-55'6,&%':&'5$$+&57'4$1.5&*'6$'
6,&',-#,57'+4)5):5&'Q%-6&P&5&0&%6'
+6"1461")5'0&4,)%-4+'+-015)6$"H'
J-):5$D

ALCC Allocation:
pj'X-55-$%'d$1"+
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Contact ! !"##$%&'%()#*++ 
!"#$%%&'G)2$%)5'():$")6$"7''b''41"2++c)%5D#$A

Energy Technologies

X)6&"-)5+'J&+-#%'>"$0'3-"+6'M"-%4-.5&+

<#+)1/&;#(&5')&/#1,+&)1)85(#1A5)&,.5)($'0/)&,.&R,&@0U)(,)/M& 
N-#($'#9/&019-,.0&#.&B(0$',5)&!1)e%&0.+&R,\Ib>&#.&B(0$',5)&!(,B'5%K

New materials may help solve global energy challenges
T1"'&%&"#7'>161"&',-%#&+'$%'6,&'*&+-#%')%*'*-+4$A&"7'$>'%&S'
0)6&"-)5+s5-L&'0)6&"-)5+'6$'"&.5)4&'6,&'$-5+'41""&%657'1+&*'6$'0)L&'
.5)+24+')%*'0)6&"-)5+'6$'.$S&"'&5&46"-4'A&,-45&+D'

94-&%2+6+')6'!"#$%%&K+'/&%6&"'>$"'G)%$+4)5&'X)6&"-)5+')"&'.)-"-%#'
6,&'.$S&"'$>'6,&'!(/3K+'W51&'Y&%&]M'S-6,'%&S57')A)-5):5&'&5&46"$%-4'
+6"1461"&'4$*&+'6$'4$%*146'0)++-A&57'.)")55&5'e1)%610'4,&0-4)5'
4)5415)2$%+'>$"'1+&'-%'6,&'*&+-#%'$>':"&)L6,"$1#,'0)6&"-)5+'6,)6'0)7'
,)A&'&%&"#7P"&5)6&*')..5-4)2$%+D'

Materials reduce greenhouse gases, power electric vehicles 
I&+&)"4,'&U$"6+'S-55'>$41+'$%'4)6)5724'0)6&"-)5+')%*'0)6&"-)5+'1+&*'
>$"'&5&46"-4'&%&"#7'+6$")#&D'/)6)5724'0)6&"-)5+')"&'1+&*'>$"':$%*P
+.&4-Q4')42A)2$%'>$"'&k4-&%6'4,&0-4)5'6")%+>$"0)2$%+D'E,-+'"&+&)"4,'
4$15*'7-&5*'%&S'+6")6&#-&+'>$"'0$"&'&%&"#7P&k4-&%6H'&%A-"$%0&%6)557'
>"-&%*57'4,&0-4)5'+7%6,&+-+'6$',&5.'"&*14&'#"&&%,$1+&'#)+&+H'$"'-%'
%&S'0&6,$*+'>$"'"&.5)4-%#'.&6"$4,&0-4)5+'S-6,'-%&@.&%+-A&H'):1%*)%6'
+0)55')5L)%&+D'

/"&)2%#'%&S'0)6&"-)5+'>$"'&5&46"-4)5'&%&"#7'+6$")#&'B+.&4-Q4)557H'>$"'
6,&'-%6&">)4&':&6S&&%'&5&46"$576&')%*'&5&46"$*&C'4$15*'5&)*'6$'+)>&"H'
5$%#&"P")%#&':)_&"-&+'>$"'&5&46"-4'A&,-45&+D'

Finding better solutions faster
a-6,'0$*&5+'$>'+1">)4&+')%*'
-%6&">)4&+'-%'0)6&"-)5+'4"&)6&*'
>"$0'Q"+6P."-%4-.5&+'4)5415)2$%+'
%$6'."&A-$1+57'.$++-:5&H'+4-&%2+6+'
4)%'4$%*146'5)"#&P+4)5&'+4"&&%-%#'
1+-%#')'X)6&"-)5+'J&+-#%'
a$"L:&%4,'*&A&5$.&*')6'!"#$%%&D'
I&+&)"4,&"+'S-55'&0.5$7'YM!a'
)%*'Ga/d?X'4$*&+')*).6&*'>$"'
0)++-A&57'.)")55&5'0)4,-%&+'5-L&'
6,&'W51&'Y&%&]MD'94"&&%-%#')55$S+'
6,&'+4-&%2+6+'6$'>$41+'&U$"6+'$%'
6,&'0$+6'."$0-+-%#'0)6&"-)5+D'

ALCC Allocation:
;<'X-55-$%'d$1"+
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Contact ! Robert Moser 

N%-A&"+-67'$>'E&@)+''b''"0$+&"c-4&+D16&@)+D&*1

Energy Technologies

M&6)+4)5&'J-"&46'G10&"-4)5'9-015)2$%+'$>'E1":15&%6'/,)%%&5'35$S'
I&+&)"4,&"+'."$.$+&'6$'1+&'6,&'.&6)+4)5&'4$0.12%#'.$S&"'$>'6,&'
%&@6P#&%&")2$%'W51&'Y&%&'+7+6&0'6$'.&">$"0'*-"&46'%10&"-4)5'
+-015)2$%+'BJG9C'$>',-#,'I&7%$5*+'%10:&"'61":15&%6'S)55P:$1%*&*'
V$S'-%')'4,)%%&5D'E,-+'JG9'-+')-0&*')6'*&A&5$.-%#')'%&)"57'
4$0.5&6&'1%*&"+6)%*-%#'$>'6,&'.,&%$0&%)'*$0-%)2%#'S)55P
:$1%*&*'61":15&%4&H'S,-4,'-+'4&%6")5'6$'6,&'&%&"#7'5$++&+'-%,&"&%6'
-%'6")%+.$"6)2$%D'E,&'-0.)46'$>'+14,')'*&A&5$.0&%6'S-55'5-L&57':&'
."$>$1%*D'!.."$@-0)6&57';wu'$>'ND9D'&%&"#7'4$%+10.2$%'-+'&@.&%*&*'
$%'6")%+.$"6)2$%D'E,-+'&%&"#7'&@.&%*-61"&'-+'*1&'6$'6,&'-%6&")42$%'
:&6S&&%'+$5-*'+1">)4&+'B$>'A&,-45&+'$"'.-.&+C')%*'6,&'V1-*'V$S-%#'.)+6'
6,&0H'5&)*-%#'6$'*")#')%*'6,&'*-++-.)2$%'$>'&%&"#7':7'61":15&%4&D'
9-%4&'014,'$>'6,&'*")#'-%'6,&+&'V$S+'-+'*1&'6$'61":15&%6'+L-%'>"-42$%H'
014,'$>'6,-+'&%&"#7'4$%+10.2$%'"&+156+'>"$0'S)55P:$1%*&*'61":15&%6'
+,&)"'5)7&"+D

E,&'4&%6")5'&0.,)+-+'$>'6,-+'"&+&)"4,'-+'$%'"&)4,-%#')'+1k4-&%657'
,-#,'I&7%$5*+'%10:&"'6$'&@.5$"&'6,&'.,7+-4+'6,)6')"-+&'-%'6,&'$A&"5).'
"&#-$%D'E,&'$A&"5).'"&#-$%'-+'S,&"&'6,&'A-+4$1+'%&)"PS)55'61":15&%4&'
-%6&")46+'S-6,'6,&'$16&"P5)7&"'61":15&%4&+D'E,-+'-%6&")42$%'-+'L&7'
6$'1%*&"+6)%*-%#',-#,'I&7%$5*+'%10:&"'61":15&%6'S)55'5)7&"+D'E$'
-%A&+2#)6&'6,-+'-%6&")42$%H'-6'-+'%&4&++)"7'6,)6'6,&'I&7%$5*+'%10:&"':&'
+1k4-&%657',-#,'+$'6,)6'6,&"&'-+')'+1:+6)%2)5'*-+.)"-67'-%'+4)5&':&6S&&%'
6,&'-%%&"')%*'$16&"'5)7&"+D'E,&'"&+156+'4)%'6,&%':&'&@6").$5)6&*'6$'
)":-6")"7'I&7%$5*+'%10:&"+D'E,-+'+-015)2$%'S-55':&'.&">$"0&*'1+-%#'
6,&'+1.&"4$0.12%#'+$`S)"&'6,)6'6,&'."$.$+-%#'6&)0',)+'*&A&5$.&*'
)%*':&%4,0)"L&*'$%'W51&'Y&%&]M')%*'S-55'>1"6,&"'$.20-\&'>$"'
.&">$"0)%4&'$%'6,&'%&@6P#&%&")2$%'W51&'Y&%&D

Early Science Program  
Intrepid Allocation: 
j'X-55-$%'d$1"+
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Contact ! Micheal Smith 

!"#$%%&'G)2$%)5'():$")6$"7''b''0)+0-6,c)%5D#$A

Energy Technologies

94)5):5&H'?@.5-4-6'Y&$0&6"7H'a,$5&P/$"&'G145&)"'I&)46$"'9-015)2$%+
Multi-physics simulations aid design and safety in nuclear reactors
a-6,'-6+'>$41+'$%'+$5A-%#'%145&)"'&%&"#7'-++1&+H'6,&'J&.)"60&%6'$>'
?%&"#7'-+'*&A&5$.-%#')'0152P.,7+-4+'+-015)2$%'>")0&S$"L')6'!"#$%%&'
G)2$%)5'():$")6$"7'+.&4-Q4)557'>$"'6,&')%)57+-+')%*'*&+-#%'$>'%145&)"'
"&)46$"+D'I&+&)"4,&"+'S-55'1+&'6,-+'>")0&S$"L'6$'+-015)6&'0152P.,7+-4+'
."$:5&0+'"&e1-"-%#'4$1.5&*'%&16"$%-4+H'6,&"0$PV1-*+')%*'+6"1461")5'
)%)57+&+D'F%'+14,')'>")0&S$"L'NGF/'4)%'."$A-*&'6,&'.$S&"'*-+6"-:12$%'
$%'6,&'*&>$"0&*'#&$0&6"7H'6,&"&:7')55$S-%#'"&+&)"4,&"+'6$'."&*-46'
6,&'4,)%#&'-%'.$S&"'*-+6"-:12$%'*&"-A&*'>"$0'6,&"0)5'&@.)%+-$%')%*'
-0."$A&'6,&'*&+-#%')%*'+)>&'$.&")2$%'$>'%145&)"'"&)46$"+D'

Full-scale simulation to validate high-performing UNIC  
neutronics code 
NGF/',)+')441")6&57'."&*-46&*'#5$:)5'.)")0&6&"+')%*',)+'
*&0$%+6")6&*'&@4&55&%6'.)")55&5'4$0.16)2$%'.&">$"0)%4&'>$"'+&A&")5'
:&%4,0)"L-%#'."$:5&0+H'-%451*-%#'."$:5&0+'4$%6)-%-%#'1.'6$'<Do'
6"-55-$%'*&#"&&+'$>'>"&&*$0')%*':&_&"'6,)%'pj'.&"4&%6'S&)L'+4)5-%#'
$%'6,&'>155'4).)4-67'$%'6,&'S$"5*K+'>)+6&+6')%*'5)"#&+6'$.&%'+4-&%4&'
+1.&"4$0.16&"+D'E,-+'S$"L'&)"%&*')'Q%)5-+6'*&+-#%)2$%'>$"'6,&'Y$"*$%'
W&55'!S)"*')6'91.&"4$0.12%#';<<oD'NGF/',)+')5+$'+,$S%'-6+'4).):-5-67'
6$'."$*14&'A&"7'*&6)-5&*'+$512$%+H'S,-4,'Q"+6'01+6':&'A)5-*)6&*'

)#)-%+6'&@.&"-0&%6+':&>$"&'-6'-+'
>1557'4$1.5&*'S-6,'6,&"0$PV1-*'
)%*'+6"1461")5')%)57+-+'4$*&+D'3$"'
6,-+'A)5-*)2$%H'"&+&)"4,&"+'S-55'
)%)57\&'6,&'*&6)-5&*'"&)42$%'")6&'
*-+6"-:12$%+'0&)+1"&*'-%')'>155P
+4)5&'4"-24)5'&@.&"-0&%6'4)""-&*'
$16'-%'�MIPhs6,&'�&"$'M$S&"'
I&)46$"'>)4-5-67')6'!"#$%%&'G)2$%)5'
():$")6$"7D

ALCC Allocation:
Ow'X-55-$%'d$1"+

oLYpai&R#0+,.B&[X`&8#./,/5/&#;&0&L9&711)+&8#()&F,5'&0&H,B'&L9\`X&8).5(01&8#()&()B,#.K&R#0+,.B/&
[X`&5'(#9B'&[>\&;#89/)+&#.&-#+,;A,.B&5')&@0/)&80/)&5#&/59+A&5')&,-$085&#;&30(,#9/&-05)(,01&
8'0.B)/&!/#+,9-&3#,+E&8#.5(#1&(#+&F#(5'E&)58K%K&T.&1#0+,.B&[X`E&5')&;9)1&F0/&()-#3)+&;(#-&
5')&8).5)(&+(0F)(&5#&/,-9105)&0&8#.5(#1&(#+&$#/,:#.&!8#.5(#1&(#+&,/&.#5&,./)(5)+%&0.+&;#,1&
-)0/9()-).5/&F)()&80((,)+&#95&5#&,.3)/:B05)&5')&015)()+&).)(BA&+)$).+).8)&F,5'&()/$)85&5#&5')&
#5')(&1#0+,.B/K
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Contact ! Parviz Moin 

/&%6&"'>$"'E1":15&%4&'I&+&)"4,H'96)%>$"*'N%-A&"+-67''b''0$-%c+6)%>$"*D&*1

Engineering

!'/&%6&"'>$"'E1":15&%4&'I&+&)"4,'P'!"#$%%&'(&)*&"+,-.'/$0.12%#'
3)4-5-67'/$55):$")6$"7'>$"'8&"7'()"#&'94)5&'E1":15&%4&'9-015)2$%+'
$%'M&6)+4)5&'/$0.12%#'M5)�$"0+

4,-910:#.&#;&0.&)C$0.+,.B&/9$)(/#.,8&G)5&0.+&5')&(0+,05)+&08#9/:8&7)1+K

New turbulence collaboration enhances energy security
E,&'/&%6&"'>$"'E1":15&%4&'I&+&)"4,'B/EIC')%*'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67'B!(/3C',)A&'R$-%&*'>$"4&+'6$'&%,)%4&'6,&'+6)6&'
$>'6,&')"6'$>'61":15&%4&'+-015)2$%+':7',)"%&++-%#'6,&'4$0.12%#'
.$S&"'$>'6,&'W51&'Y&%&]M'A-)')55$4)2$%+'>"$0'6,&'!9/I'(&)*&"+,-.'
/$0.12%#'/,)55&%#&'B!(//C'."$#")0D'

E,&'4$55):$")2$%'S-55'>$41+'$%',-#,P"-+LH',-#,P.)7$U'61":15&%4&'
+-015)2$%+'5-%L&*'6$')*A)%4-%#'%)2$%)5'&%&"#7'+&41"-67H'-%451*-%#'
+61*-&+'$>')&"$*7%)0-4'%$-+&'"&*142$%'-%'%&@6P#&%&")2$%')-"4")`'
."$.15+-$%'+7+6&0+H',&)6'6")%+>&"'-%')*A)%4&*'&%&"#7'+7+6&0+H')%*'
"&5)6&*'+-015)2$%+D'

Reducing jet engine noise
F%-2)557H'6,&'/EIP!(/3'4$55):$")2$%'S-55'+61*7'6,&'&U&46+'$>'4,&A"$%+'
$%'61":15&%6'0-@-%#'$>'R&6'&%#-%&'&@,)1+6'+6"&)0+')%*'$%'6,&'"$5&'
4,&A"$%+'.5)7'-%'%$-+&'+1.."&++-$%D'/,&A"$%+s+&"")6&*'#&$0&6"-4'
&*#&+'-%+6)55&*'$%')-"4")`'&%#-%&+s#"&)657'"&*14&'%$-+&':7'0-@-%#'
&@,)1+6'R&6'+6"&)0+D'E,&-"'*&+-#%H',$S&A&"H'01+6':)5)%4&'6,&-"'"$5&'-%'
"&*14-%#'%$-+&'S-6,'.&">$"0)%4&'"&*142$%+'6,&7'0-#,6'4)1+&D

New simulations aim  
to tell the full story 
E$'*)6&H'0$+6'+-015)2$%+'
0$*&5'6,&'&U&46+'$>'4,&A"$%+'
:7'+$1"4&P)%*P+-%L'6&"0+'-%'
6,&'#$A&"%-%#'&e1)2$%+'")6,&"'
6,)%':7'"&+$5A-%#'6,&-"'4$0.5&@H'
+0)55P+4)5&'#&$0&6"-4'*&6)-5+D'E,&'
."$.$+&*'+-015)2$%+')-0'6$'>1557'
"&+$5A&'6,&'&U&46+'$>'6,&'4,&A"$%+'
in a jet engine to capture the 

&%,)%4&*'+,&)"'5)7&"'0-@-%#'6,&'
4,&A"$%+'#&%&")6&')%*H'-%'61"%H'6$'
&A)51)6&'.$++-:5&'%$-+&P0-2#)2$%'
+6")6&#-&+D'

ALCC Allocation:
j<'X-55-$%'d$1"+
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Contact ! Jixian Yao  

Y?'Y5$:)5'I&+&)"4,''b''7)$Rc#&D4$0

Engineering

!&"$*7%)0-4+'?@.5$")2$%'>$"'!*A)%4&*'
!&"$PM"$.15+-$%'E&4,%$5$#-&+

E,&'6&4,%$5$#-&+'6)"#&6&*'-%'6,-+'."$R&46')"&'"&5)6&*'6$')*A)%4&*'
."$.15+$"'*&+-#%'6,)6'&0.5$7+'5$SP."&++1"&P")2$'>)%')%*'-6+'*"-A-%#'
4$0.$%&%6H')'5-#,6S&-#,6H',-#,P$16.16'5$SP."&++1"&'61":-%&D'!*A)%4&*'
)&"$P&%#-%&'."$.15+$"+'&0.5$7',-#,&"':7.)++'")2$H'5$SP."&++1"&'")2$'
>)%'*&+-#%+'>$"'-0."$A&*'>1&5':1"%D'($S&"'>)%'."&++1"&'")2$+'5&)*'6$'
-%4"&)+&*'."$.15+-A&'&k4-&%47H')%*':&+-*&+'&%):5-%#'6,&"0$*7%)0-4'
4745&'4,)%#&+'>$"'-0."$A&*'>1&5'&k4-&%47H'+-#%-Q4)%6'%$-+&'"&*142$%'
4)%':&')4,-&A&*D'd$S&A&"H')+'6,&'>)%'."&++1"&'")2$')%*'>)%'+.&&*')"&'
"&*14&*H'6,&'>)%'*&+-#%':&4$0&+'0$"&'+&%+-2A&'6$'-%5&6'V$S'*-+6$"2$%'
)%*'-%+6)55)2$%'+6)#%)2$%'."&++1"&'5$++&+D'

E,-+'."$R&46K+'&U$"6'>$41+&+'$%'6,&'"-#$"$1+'-%A&+2#)2$%'$>'6,&'
1%*&"57-%#'0&4,)%-+0')%*'6,&'%&4&++)"7'6&4,%$5$#-&+'6$'"&*14&'
-%5&6'*-+6$"2$%'+&%+-2A-67')%*'+6):-5-67'-++1&+'-%'5$SP."&++1"&'")2$'
)&"$P&%#-%&'>)%'+7+6&0+D'E,&'*"-A-%#'4$0.$%&%6'>$"'6,&'."$.15+$"H'
6,&'5$SP."&++1"&'B(MC'61":-%&'+6"$%#57'-%V1&%4&+'6,&'+.&4-Q4'>1&5'
4$%+10.2$%'$>')%'&%#-%&H'S,&"&')'='.&"4&%6'-%4"&)+&'-%'(M'.$576"$.-4'
&k4-&%47'-0."$A&+'6,&'>1&5'4$%+10.2$%':7'<Dj'6$'='.&"4&%6D'a-6,'
&k4-&%47'5&A&5+')5"&)*7'014,'#"&)6&"'6,)%'o<'.&"4&%6H'6,&"&'S-55'
:&'5-_5&'+4$.&'>$"'-0."$A-%#'6,-+')+.&46'$>'.&">$"0)%4&'S-6,$16')'
+6&.'4,)%#&'-%'6&4,%$5$#7D'F%4"&)+&*P5-`')-">$-5+'5&)*'6$'"&*142$%'$>'
%10:&"'$>')-">$-5'%&&*&*'>$"')'+.&4-Q4'+6)#&'5$)*-%#'5&A&5H',&%4&'6,&'
"&*142$%'$>'S&-#,6D'F%4"&)+&*'+6)#&'5$)*-%#'*&+-#%+'5&)*+'6$',-#,&"'
.$S&"'$16.16'$"'>1"6,&"'S&-#,6'"&*142$%D'W&-%#'):5&'6$'1%*&"+6)%*'
)%*'."&*-46'6,&'1%+6&)*7'6")%+-2$%)5'V$S'-%'(M'61":-%&+'-+'&++&%2)5'
-%'*&A&5$.-%#')-">$-5+'S-6,'-%4"&)+&*'5-`')%*'-%4"&)+&*'+6)#&'5$)*-%#'
6,)6'"&6)-%'6,&')5"&)*7',-#,'5&A&5+'$>'&k4-&%47D'E,-+'"&."&+&%6+')%'&A&%'
#"&)6&"'4,)55&%#&H'&+.&4-)557')+')'"&*14-%#'4$"&'+-\&'0&)%+'6,)6'6,&'
I&7%$5*+'%10:&"+')"&')5+$'"&*14-%#D'E,&'6,"&&P*-0&%+-$%)5'*&+-#%'
$>'(M'61":-%&')-">$-5+')5+$',$5*+'6"&0&%*$1+'."$0-+&'>$"')4,-&A-%#'
-0."$A&*'.&">$"0)%4&D

I&+&)"4,&"+'S-55'1+&'J&.)"60&%6'
$>'?%&"#7'dM/'"&+$1"4&+')6'
!"#$%%&'G)2$%)5'():'6$'&@.5$"&'
6,&'."$0-+-%#')&"$*7%)0-4'
6&4,%$5$#-&+'6,)6'5&)*'6$'6,&'
+144&++>15'*&A&5$.0&%6'$>'6,&+&'
)&"$P&%#-%&'4$0.$%&%6+H')+'6,&+&'
6&4,%$5$#-&+'"&e1-"&'5)"#&P+4)5&'
,-#,PQ*&5-67')%)5724)5'4).):-5-2&+D'
Y?K+'-%P,$1+&'/3J'4$*&H'E!/TX!H'
S-55':&'1+&*'>$"'6,&+&'+-015)2$%+D'
E,&'%10&"-4)5'+-015)2$%'-+':)+&*'
$%'Y?K+'61":$0)4,-%&"7'V$S'
+$`S)"&'S,-4,'+$5A&+'20&P
1%+6&)*7'I&7%$5*+P)A&")#&*'
G)A-&"P96$L&+'BNI!G9C'&e1)2$%+D'
E,&'1%*&"57-%#'%10&"-4)5'
)5#$"-6,0'5&A&")#&+')'.)")55&5P
&k4-&%6'|)0&+$%P94,0-*6PE1"L&5'
B|9EC'I1%#&Pm1_)'+4,&0&'S-6,'
*1)5P20&'+6&..-%#'>$"'1%+6&)*7'
V$S+D'E,&'+$`S)"&'-%451*&+'S&55P
6&+6&*'61":15&%4&')%*'6")%+-2$%'
0$*&5+H')+'S&55')+'"&)5P#)+'0$*&5+'
)%*'0152P.,)+&'V$S'4).):-5-2&+D

ALCC Allocation:
vDj'X-55-$%'d$1"+
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Contact ! Anurag Gupta 

Y?'Y5$:)5''b''#1.6))%c#&D4$0

Engineering

J&5-A&"-%#'ZY"&&%['($SPG$-+&P?0-++-$%'a-%*'E1":-%&+')%*'|&6'?%#-%&+
N%*&"+6)%*-%#'6,&'4$0.5&@'61":15&%6'0-@-%#'%$-+&'+$1"4&+'>$"'S-%*'
61":-%&')-">$-5+')%*'R&6'&@,)1+6'%$\\5&+'-+'4"-24)5'6$'*&5-A&"-%#'6,&'
%&@6'#&%&")2$%'$>''Z#"&&%H['5$SP%$-+&'S-%*'61":-%&+')%*'R&6'&%#-%&+D'
94-&%2+6+')6'Y?'Y5$:)5'I&+&)"4,')"&'5&A&")#-%#'!(/3')%*'6,&'FG/FE?'
."$#")0'6$'*&A&5$.]."$A&',-PQ*&5-67'*-"&46P>"$0PQ"+6P."-%4-.5&+'
."&*-42$%+'$>'%$-+&'6$'4,)")46&"-\&'6,&+&',)"*'6$'0&)+1"&')4$1+24'
+$1"4&+D'

!'+4)5):5&H'4$0."&++-:5&'()"#&'?**7'9-015)2$%'B(?9C�:)+&*'
/$0.16)2$%)5'!&"$)4$1+24+'B/!!C'+$5A&"'-+':&-%#'1+&*'6$'+61*7'
>"&&P+,&)"'5)7&"'%$-+&'>"$0'R&6'&@,)1+6'%$\\5&+')%*':$1%*)"7'5)7&"'
%$-+&'+$1"4&+'>"$0')-">$-5+D'I&."&+&%6)2A&'S-%*'61":-%&')-">$-5+',)A&'
:&&%'+-015)6&*')6'"&)5-+24'I&7%$5*+'�'X)4,'%10:&"+'6$'0)61"&'
/!!'."&*-42$%')441")47D'E$'."$A&'*&+-#%'*-U&"&%2)2$%'4).):-5-67'
)%*',&%4&'"&)*-%&++')+')'%10&"-4)5'"-#'"&)*7'6$')44&5&")6&'-%*1+6"-)5'
*&+-#%H'6,&'(?9]5)"#&P+4)5&'dM/'4$0:-%)2$%'-+':&-%#'."$A&%'$%')'
")%#&'$>'R&6'%$\\5&'4$%Q#1")2$%+D'31%*)0&%6)5'+4)5-%#'e1&+2$%+'
BI&7%$5*+'%10:&"C'6,)6':&*&A-5'6&+2%#')"&':&-%#')%+S&"&*D'9-#%-Q4)%6'
-0."$A&0&%6'-%'6,&'+4)5):-5-67'$>'6,&'+$5A&"'$%'6,&'WY]M'.5)�$"0'6$'
O;m'4$"&+')5+$',)+':&&%')4,-&A&*D

T6,&"'"&+156+'-%451*&f
 ! /$0.)"-+$%+'S-6,'&@.&"-0&%6)5'*)6)'+,$S'6,)6'6,&'(?9'."&*-42$%+'
>$"':$6,'+-%#5&')%*'*1)5PV$S'%$\\5&+')"&'+144&++>15'-%'."&*-42%#'
6,&'61":15&%6'V$S'&A$512$%D'3)"PQ&5*')4$1+24+'."&*-42$%':)+&*'$%'
6,&'%&)"'Q&5*'V$S'*)6)'4$0.)"&+'A&"7'>)A$"):57'6$'6,&'&@.&"-0&%6+'
."$A-%#'6,&'):-5-67'$>'6,-+'Q"+6'."-%4-.5&+P:)+&*').."$)4,'>$"'*&+-#%'
#1-*)%4&D''

 ! M"&5-0-%)"7'-%A&+2#)2$%'$>'6,&'
)-">$-5'+-015)2$%'*&0$%+6")6&+'
)%'):-5-67'6$'4$""&4657'."&*-46'
6,&'&**7'4$%A&42$%'A&5$4-67'
-%'6,&':$1%*)"7'5)7&"'�')%'
-0.$"6)%6'#1-*&'>$"'-0."$A&*'
+$1"4&'0$*&5-%#

a-6,'."$$>P$>'4$%4&.6')&"$'
)%*')4$1+24'(?9'4)5415)2$%+'
4$0.5&6&*H'6,&'6&)0'-+'.1"+1-%#'
6,&'1+&'$>'(?9ndM/'6$f
 ! J&+-#%'%$-+&P"&*142$%'
>&)61"&+H

 ! J&0$%+6")6&'%10&"-4)5'S-%*'
61%%&5'4).):-5-67H'

 ! F0."$A&'&k4-&%47'$>'%10&"-4)5'
)5#$"-6,0+')%*'.)")55&5'
+4)5):-5-67':&7$%*'O;m'4$"&+D

INCITE Allocation: 
=o'X-55-$%'d$1"+

"9(@91).5&/5(9859()/&,.&
;())&/')0(&10A)(&?#F&;(#-&

+901*?#F&8#.,8&.#qq1)l
g#(:8,5A&8#.5#9(/&$1#U)+&

#.&8#./50.5&r&/9(;08)K&
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?0.5$7-%#'F0."$A&*'J&5)7&*'J&6)4,&*'?**7'9-015)2$%+'
>$"'E1":15&%6'35$S+'$A&"'E)%*&0'/75-%*&"+

E,&'V$S'.)+6'E)%*&0'/75-%*&"+'-+')'."-0&'6&+6'4)+&'>$"'*&6)-5&*'
4$0.)"-+$%+':&6S&&%'/3J')%*'&@.&"-0&%6+H'S-6,'.)"2415)"'>$41+'
$%'6,&'.,7+-4+'$>'0)++-A&57'+&.)")6&*'V$S+H'6,&'-0.-%#&0&%6'
$>'61":15&%4&'$%')'+$5-*':$*7H')%*'6,&'%$-+&'6,)6'"&+156+'>"$0'
6,-+'-%6&")42$%D'914,'V$S'+4&%)"-$+'$441"'-%')'S-*&'A)"-&67'$>'
)..5-4)2$%+'6,)6'-%451*&'B:16')"&'%$6'5-0-6&*'6$C')-"4")`'5)%*-%#'#&)"H'
S-%*'61":-%&+H':"-*#&+H'-%*1+6"-)5',&)6'&@4,)%#&"+H')%*')'07"-)*'
$>')"4,-6&461")5'+-61)2$%+D'8&"7'"&4&%657H'"&+&)"4,&"+'>"$0'W$&-%#'
)%*'GE9'B96D'M&6&"+:1"#H'I1++-)C',)A&'4$0.16&*H'$%'6,&'FWX'W51&'
Y&%&]M')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67H'0)++-A&57'
+&.)")6&*'V$S+'$A&"'6)%*&0'475-%*&"+'1+-%#')'%$A&5')5#$"-6,0'L%$S%'
)+'6,&'J&5)7&*'J&6)4,&*'?**7'9-015)2$%'BJJ?9C')%*'-6+'A)"-)%6H'
6,&'F0."$A&*'J&5)7&*'J&6)4,&*'?**7'9-015)2$%'BFJJ?9CD'E,-+'%&S'
).."$)4,'6$'4$0.12%#'61":15&%6'V$S+'4"&)2A&57':5&%*+'I&7%$5*+'
!A&")#&*'G)A-&"P96$L&+'BI!G9C'4$0.16)2$%+'-%'6,&'%&)"'S)55'"&#-$%'
B-D&DH')6'6,&'+1">)4&'$>'6,&'475-%*&"C'S-6,'()"#&'?**7'9-015)2$%'B(?9C'
4$0.16)2$%+'-%'"&#-$%+')S)7'>"$0'6,&'S)55D'E,&'6)%*&0'475-%*&"'
+-015)2$%+'$%'6,&'W51&'Y&%&]M')"&')0$%#'6,&'5)"#&+6H'S-6,')'
4$0.16)2$%)5'*$0)-%'+.)%%-%#'+-@6&&%'*-)0&6&"+'-%'6,&'4"$++PV$S'
*-"&42$%D'?@.&"-0&%6+'*$%&')6'G!9!'()%#5&7'-%*-4)6&'6,)6')6'6,-+'
+.)%PS-+&'5&%#6,H'6,&'5)6&")5'."&++1"&')%*'A&5$4-67'4$""&5)2$%+':&#-%'
6$').."$)4,'\&"$H'6,&"&:7'R1+2>7-%#'6,&'.&"-$*-4':$1%*)"7'4$%*-2$%+'
1+&*'-%'6,&'%10&"-4)5'+-015)2$%+D

E,&'GE9'4$*&H'6,)6',)+':&&%'1+&*'
>$"'6,&'+-015)2$%+H'-+')'+6"1461"&*H'
0152:5$4LH'$A&"5)..-%#'#"-*H'
Q%-6&'A$510&'4$*&D'E,&'")%#&'$>'
%10&"-4)5'+4,&0&+'-0.5&0&%6&*'
-%'6,&'4$*&'-%451*&+'-0.5-4-6'
,-#,'$"*&"',7:"-*'BS&-#,6&*'
5
th'$"*&"'1.S-%*]vth

 order 

4&%6&"&*C'V1@'*-U&"&%4&'+.5-x%#'
+4,&0&+'$>'I$#&"+')%*'mS)L'>$"'
-%4$0."&++-:5&'V$S+')%*'$>'I$&'
>$"'4$0."&++-:5&'V$S+D'G10&"-4)5'
-0.5&0&%6)2$%'$>'6,&+&'+4,&0&+'
-+'.&">$"0&*':7'-0.5-4-6'"&5)@)2$%'
)5#$"-6,0+'BM5)%&](-%&'Y)1++P
9&-*&5'"&5)@)2$%')%*'J-)#$%)557'
J$0-%)%6'!JF')5#$"-6,0CH'S,-4,'
0)7':&')":-6")"-57'+.&4-Q&*':7'
)'1+&"'-%'*-U&"&%6'#"-*P:5$4L+D'
F%')**-2$%H'6,&'4$*&'-+'4).):5&'
$>'"1%%-%#'-%',7:"-*'B-D&DH'
XMFnT.&%XMC'0$*&')%*'+,$S+'
A&"7'#$$*'S&)L'+4)5-%#'$%'6,&'W51&'
Y&%&]MD'

Director’s Discretionary 
Allocation: 
=='X-55-$%'d$1"+

Contact ! Philippe Spalart 

W$&-%#''b''.,-5-..&D"D+.)5)"6c:$&-%#D4$0

T/#/9(;08)&#;&/F,(1&s=`KXgXaJ&;#(&Rq=>J&0.+&Rq=[pJ

I#-$0(,/#.&#;&#,1*?#F&$0U)(./&;(#-&JJ_4&05&Rq=[pJ&F,5'&
)C$)(,-).5M&[*5(0./,:#.&/5(,$h&\*/5()06/&;(#-&/5()0-F,/)&
3#(:8)/&B).)(05)+&@A&5(0./,:#.&/5(,$h&>*$(,-0(A&/)$0(0:#.&
1,.)h&`*/$0.F,/)&?#F&@)5F)).&\&/)$0(0:#.&1,.)/h&
t*/)8#.+0(A&/)$0(0:#.&1,.)h&p*()0(&8A1,.+)(&/)$0(0:#.K
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V911A&6,.):8&>*J&$10/-0&-,8(#59(@91).8)&/,-910:#.&,.&0&5#60-06&;9/,#.&+)3,8)&#;&5')&
/)1;*8#./,/5).5&)1)85(#/50:8&$#5).:01K&&"')&()+&0.+&@19)&()$()/).5&()B,#./&#;&$#/,:3)&0.+&
.)B0:3)&$#5).:01&()/$)8:3)1AK&_1#.B05)+&/5(9859()/&,.&5')&5#(#,+01&+,()8:#.&;#11#F&5')&
-0B.):8&7)1+&1,.)/&0.+&,/&8'0(085)(,/:8&#;&5')&10(B)&0.,/#5(#$A&@)5F)).&5')&+A.0-,8/&
$0(011)1&0.+&$)($).+,8910(&5#&5')&-0B.):8&7)1+&#@/)(3)+&,.&5#60-06&)C$)(,-).5/K

Fusion

Y5$:)5'9-015)2$%'$>'M5)+0)'X-4"$61":15&%4&')6'6,&'
M&6)+4)5&')%*'W&7$%*

!+'6,&'41""&%6'#5$:)5'&%&"#7'&4$%$07'>$41+&+'$%')56&"%)2A&+'6$'>$++-5'
>1&5+H'6,&"&'-+'-%4"&)+-%#'-%6&"&+6'-%'%145&)"'>1+-$%H'6,&'.$S&"'+$1"4&'
$>'6,&'+1%')%*'$6,&"'+6)"+H')+')%')_")42A&'.$++-:-5-67'>$"'0&&2%#'
6,&'S$"5*K+'#"$S-%#'&%&"#7'%&&*+D'M"$.&"57'1%*&"+6)%*-%#'61":15&%6'
6")%+.$"6'5$++&+H'S,-4,'*&0)%*+'6,&')..5-4)2$%'$>'4$0.16)2$%)5'
"&+$1"4&+')6'6,&'&@6"&0&'+4)5&H'-+'$>'6,&'160$+6'-0.$"6)%4&'>$"'6,&'
*&+-#%')%*'$.&")2$%'$>'>161"&'>1+-$%'*&A-4&+H'+14,')+'6,&'0152P
:-55-$%'*$55)"'-%6&"%)2$%)5':1"%-%#'.5)+0)'&@.&"-0&%6'L%$S%')+'FE?I'
�')'6$.'."-$"-67'-%A&+60&%6'-%'6,&'J&.)"60&%6'$>'?%&"#7K+'Tk4&'$>'
94-&%4&D'E,-+'?)"57'94-&%4&'."$R&46'S-55')4,-&A&'+-#%-Q4)%657'-0."$A&*'
1%*&"+6)%*-%#'$>'6,&'-%V1&%4&'$>'.5)+0)'+-\&'$%'4$%Q%&0&%6'
."$.&"2&+'-%')*A)%4&*'6$L)0)L'+7+6&0+'+14,')+'FE?ID'E,-+'S-55'
*&0)%*')'+7+6&0)24')%)57+-+'$>'6,&'1%*&"57-%#'%$%5-%&)"'61":15&%4&'
4,)")46&"-+24+'-%'0)#%&24)557'4$%Q%&*'6$L)0)L'.5)+0)+'6,)6'+.)%'6,&'
")%#&'>"$0'41""&%6'+4)5&'&@.&"-0&%6+H'S,-4,'&@,-:-6')%'1%>)A$"):5&'
ZW$,0P5-L&['+4)5-%#'S-6,'.5)+0)'+-\&'6$'6,&'FE?I'+4)5&'.5)+0)'6,)6'
-+'&@.&46&*'6$'&@,-:-6')'0$"&'>)A$"):5&'Z#7"$PW$,0['+4)5-%#'$>'
4$%Q%&0&%6D'E,&'Z+4-&%2Q4'*-+4$A&"7[')+.&46'$>'+14,'+61*-&+'-+'6,)6'
S,-5&'6,&'+-015)2$%'"&+156+'4)%':&'A)5-*)6&*')#)-%+6'."&+&%6P*)7'
6$L)0)L+H'6,&"&')"&'%$'&@-+2%#'*&A-4&+'6$*)7'6,)6')"&'&A&%'$%&P

Contact ! William Tang 

M"-%4&6$%'M5)+0)'M,7+-4+'():$")6$"7''b''S6)%#c."-%4&6$%D&*1

6,-"*'$>'6,&'")*-)5'*-0&%+-$%'$>'
FE?ID'!44$"*-%#57H'6,&'"$5&'$>'
,-#,'.,7+-4+'Q*&5-67'."&*-42A&'
+-015)2$%+'6)L&+'$%')%'&A&%'0$"&'
-0.$"6)%6'"$5&s&+.&4-)557'+-%4&'
6,&'&@.&46&*'-0."$A&0&%6'-%'
4$%Q%&0&%6'>$"'FE?IP+-\&*'*&A-4&+'
4)%%$6':&'&@.&"-0&%6)557'A)5-*)6&*'
1%25')`&"'-6'-+'4$%+6"146&*')%*'
$.&")2$%)5D'F%'*&)5-%#'S-6,'6,-+'
4,)55&%#&H'"&+&)"4,&"+'S-55'*&.5$7'
YE/PM')%*'YE9H'S,-4,')"&',-#,57'
+4)5):5&'.)"245&P-%P4&55'#7"$L-%&24'
4$*&+'1+&*'>$"'+-015)2%#'
0-4"$61":15&%4&P*"-A&%'6")%+.$"6'
-%'6$L)0)L+D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Thomas Jordan 

N%-A&"+-67'$>'9$16,&"%'/)5->$"%-)''b''6R$"*)%c1+4D&*1

Geophysics

N+-%#'X152P+4)5&'J7%)0-4'I1.61"&'X$*&5+'
6$'F0."$A&'Y"$1%*'X$2$%'?+20)6&+

I&+&)"4,&"+'S-55'1+&'9$16,&"%'/)5->$"%-)'?)"6,e1)L&'/&%6&"'B9/?/C'
*7%)0-4'"1.61"&'+-015)2$%'+$`S)"&'6$'-%A&+2#)6&',-#,P>"&e1&%47'
+&-+0-4'&%&"#7'#&%&")2$%D'E,&'"&5&A)%6'.,&%$0&%)'B>"-42$%)5'
:"&)L*$S%H'+,&)"',&)2%#H'&U&42A&'%$"0)5P+6"&++'V1461)2$%+H'
0)6&"-)5'*)0)#&H'&64DC'4$%6"$55-%#'"1.61"&')"&'+6"$%#57'-%6&")42%#'
)%*'+.)%'0)%7'$"*&"+'$>'0)#%-61*&'-%'+.)2)5'+4)5&H'"&e1-"-%#',-#,P
"&+$512$%'+-015)2$%+'6,)6'4$1.5&'*-+.)")6&'.,7+-4)5'."$4&++&+'B&D#DH'
&5)+6$*7%)0-4+H'6,&"0)5'S&)L&%-%#H'.$"&PV1-*'6")%+.$"6H')%*',&)6'
4$%*142$%CD'/$0.$1%*-%#'6,&'4$0.16)2$%)5'4,)55&%#&H'%)61")5'>)156+'
)"&'%$6'.5)%)"':16'-%+6&)*',)A&'"$1#,%&++'6,)6'4)%':&').."$@-0)6&*'
:7'.$S&"'5)S+'.$6&%2)557'5&)*-%#'6$'5)"#&H'0152+4)5&'V1461)2$%+'
-%'%$"0)5'+6"&++D'E,&'4).)4-67'6$'.&">$"0'OPJ'"1.61"&'+-015)2$%+'
6,)6'4$1.5&'6,&+&'."$4&++&+'S-55'."$A-*&'#1-*)%4&'>$"'4$%+6"142%#'
).."$."-)6&'+$1"4&'0$*&5+'>$"',-#,P>"&e1&%47'#"$1%*'0$2$%'
+-015)2$%+D'9/?/K+'/7:&"9,)L&'+7+6&0'4)%'4)5415)6&'.,7+-4+P:)+&*'
BOPJ'S)A&>$"0'0$*&5-%#P:)+&*C'."$:):-5-+24'+&-+0-4',)\)"*')%)57+-+'
BM9d!C'41"A&+'>$"'/)5->$"%-)D'

T%'6,&'%&@6P#&%&")2$%'W51&'Y&%&H'"&+&)"4,&"+H'S-55'4)5415)6&')'=d\'
M9d!',)\)"*'0).'>$"'/)5->$"%-)'1+-%#'-0."$A&*'"1.61"&'0$*&5+'>"$0'
$1"'0152P+4)5&'*7%)0-4'"1.61"&'+-015)2$%+D'E,&7'S-55'4)5415)6&'6,-+'
,-#,P"&+$512$%'."$:):-5-+24'+&-+0-4',)\)"*'0).'1+-%#'6,&'6&4,%-e1&'
*&A&5$.&*'$%'6,&'9/?/'/7:&"9,)L&'."$R&46D'E,-+'4)5415)2$%'S-55'
:&'*$%&')`&"'-%6&#")2$%'$>')%'-0."$A&*'.+&1*$P*7%)0-4'"1.61"&'
#&%&")6$"'-%6$'/7:&"9,)L&'+7+6&0')%*'."$*142$%'$>')'%&S')%*'
-0."$A&*'N/?I3;D<P:)+&*'?@6&%*&*'I1.61"&'3$"&4)+6'B?I3CD'E,&'
4)5415)2$%'S-55'."$A-*&'%10&"$1+'-0.$"6)%6'+&-+0-4',)\)"*'"&+156+H'
-%451*-%#')'+6)6&PS-*&'&@6&%*&*'&)"6,e1)L&'"1.61"&'>$"&4)+6'S-6,'
"1.61"&'A)"-)2$%+'>$"')55'+-#%-Q4)%6'&A&%6+H')'+7%6,&24'+&-+0$#")0'
4)6)5$#'>$"'6,$1+)%*+'$>'+4&%)"-$'&A&%6+H')%*'0$"&'6,)%'jH<<<'.,7+-4+P
:)+&*'+&-+0-4',)\)"*'41"A&+'>$"'/)5->$"%-)D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Paul Mackenzie 

3&"0-5):''b''0)4L&%\-&c>%)5D#$A

Lattice Gauge Theory

d$S'/)%'a&'W&_&"'N%*&"+6)%*'6,&'W)+-4'W1-5*-%#'W5$4L+'$>'G)61"&g
94-&%2+6+',)A&'5$%#'+$1#,6'6$'1%*&"+6)%*'6,&':)+-4':1-5*-%#':5$4L+'$>'
%)61"&D'a,-5&'6,&':&,)A-$"'$>'.)"245&+'+14,')+'."$6$%+')%*'%&16"$%+'
-+'S&55'1%*&"+6$$*H'5&++'-+'L%$S%'):$16'6,&'-%6&")42$%+'$>'e1)"L+')%*'
#51$%+H'S,-4,'4$0.$+&'6,&0H'6,&'&A&%P+0)55&"'.)"245&+'6,)6'0)L&'
1.'."$6$%+')%*'%&16"$%+D'W&4)1+&'6,&7'-%6&")46'A&"7'*-U&"&%657'6,)%'
5)"#&"'.)"245&+H'6,&'+61*7'$>'-%6&")42$%+':&6S&&%'e1)"L+')%*'#51$%+H'
t1)%610'/,"$0$*7%)0-4+'Bt/JCH'"&e1-"&+'*-U&"&%6'0&6,$*$5$#7D'
a-6,'6,&',&5.'$>'+1.&"4$0.16&"+H'+4-&%2+6+'1+&')'>$1"P*-0&%+-$%)5'
5)x4&'"&."&+&%6)2$%'$>'+.)4&P20&'6$')%)57\&'t/JD'

E,-+'"&+&)"4,')-0+'6$'*&&.&%'6,&'1%*&"+6)%*-%#'$>'6,&'-%6&")42$%+'$>'
e1)"L+')%*'#51$%+H'6,&':)+-4'4$%+261&%6+'$>'oo'.&"4&%6'$>'6,&'A-+-:5&'
0)_&"'-%'6,&'1%-A&"+&D'F6'S-55'.5)7')'L&7'"$5&'-%'$%#$-%#'&U$"6+'6$'
*&A&5$.')'1%-Q&*'6,&$"7'$>'6,&'>$1"'>1%*)0&%6)5'>$"4&+'$>'%)61"&D'

94-&%2+6+'4$%*142%#'t/J'"&+&)"4,',)A&'5$##&*'$A&"'O<<'0-55-$%'
4$"&',$1"+'$%'6,&'W51&'Y&%&]M')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'
3)4-5-67'B!(/3CD'E,&'+4-&%2+6+',)A&'#&%&")6&*'#)1#&'4$%Q#1")2$%+'
S-6,'1.H'*$S%H')%*'+6")%#&'e1)"L+'$%'5)x4&+'6,)6')"&'+1k4-&%657'
Q%&P#")-%&*')%*',)A&'+1k4-&%657'+0)55'1.')%*'*$S%'e1)"L'0)++&+'
6$'&%):5&'6,&'&@6").$5)2$%'$>'L&7'e1)%22&+'6$'6,&-"'.,7+-4)5'A)51&+'
>$1%*'-%'%)61"&D'E,&'#)1#&'4$%Q#1")2$%+')"&':&-%#'1+&*'6$'*&6&"0-%&'
)'S-*&'")%#&'$>'-0.$"6)%6'.,7+-4)5'e1)%22&+'-%',-#,'&%&"#7')%*'
%145&)"'.,7+-4+D'

a-6,'6,&'1+&'$>'6,&'W51&'Y&%&]MH'6,&'#&%&")2$%'$>'#)1#&'
4$%Q#1")2$%+',)+':&&%')44&5&")6&*'-%'0)%7'4)+&+':7')'>)46$"'$>'j'6$'
=<'$A&"'S,)6'S)+'."&A-$1+57'.$++-:5&'S-6,'$6,&"'0)4,-%&+D

J$0)-%PS)55'4$%Q#1")2$%'
&%+&0:5&+'$>'5)x4&'+.)4-%#+'
<D==v'>&06$0&6&"+'B>0C')%*'
<D<wh'>0',)A&':&&%'4$0.5&6&*'
$%'5)x4&+'$>'+-\&+';vO@hv')%*'O;O'

@hvH'"&+.&42A&57D'E,&+&')"&'6,&'
5)"#&+6'*$0)-%PS)55'5)x4&+'&A&"'
)_&0.6&*D'3$"'6,&'+6)##&"&*'
e1)"L+H')'+&6'$>'"1%+'S-6,')'5)x4&'
+.)4-%#'$>'<D<h')%*'<D<vj'>0'
,)A&':&&%'4$0.5&6&*D'E,&+&')"&'
6,&'0$+6'4,)55&%#-%#'+6)##&"&*'
&%+&0:5&+'#&%&")6&*'6$'*)6&D'

E,&+&'&%+&0:5&+')"&'41""&%657'
:&-%#')%)57\&*')6'6,&'!(/3')%*'
&5+&S,&"&'-%'+61*-&+'$>'6,&'*&4)7+'
)%*'0-@-%#+'$>'.)"245&+'4$%6)-%-%#'
,&)A7'e1)"L+'6$'&%):5&'0)R$"'
improvements in determining 

)'%10:&"'$>'&5&0&%6+'$>'6,&'
/mX'0)6"-@D'E,&+&'4)5415)2$%+'
)"&'&%):5-%#'."&4-+&'6&+6+'$>'6,&'
96)%*)"*'X$*&5H')-*-%#'-%')'*&&.&"'
1%*&"+6)%*-%#'$>'>1%*)0&%6)5'
.,7+-4+D

F0."$A&*'A&"+-$%+'$>':$6,'
0&6,$*+'>$"'5)x4&'>&"0-$%+'
)"&'1%*&"'S)7D'3$"'*$0)-%PS)55'
>&"0-$%+H')'%&S'0&6,$*',)+':&&%'
*&A&5$.&*'B6,&'Z!1@J&6['0&6,$*C'
6,)6'S-55'.&"0-6')'45$+&"').."$)4,'
6$'6,&'.,7+-4)5H'5-#,6'e1)"L'5-0-6D'
3$"'+6)##&"&*'>&"0-$%+H')%'
-0."$A&*'*-+4"&2\)2$%'0&6,$*'
,)+':&&%'*&A&5$.&*'BZ,-+e['
>&"0-$%+C'6,)6'+1:+6)%2)557'
"&*14&+'*-+4"&2\)2$%'&""$"+D'G&S'
&%+&0:5&+'S-6,'6,&'-0."$A&*'
0&6,$*+')"&'&@.&46&*'+$$%D

INCITE Allocation:
hp'X-55-$%'d$1"+

1.0

0.8

0.6

0.4

0.2

0.0
-1.0 -0.5

!

"

0.0

#

$

S%&

'(
s

'(
d

S)*+"!,&

-&

0.5 1.0

81:

84:

"')&10f8)&rIJ&8018910:#./&$)(;#(-)+&#;&5')&+)80A/&0.+&-,C,.B/&#;&/5(#.B1A&
,.5)(08:.B&$0(:81)/&).0@1)&,.8()0/,.B1A&$()8,/)&+)5)(-,.0:#./&#;&5')&$0(0-)5)(/&
#;&5')&450.+0(+&<#+)1&#;&$0(:81)&$'A/,8/K&"',/&7B9()&/'#F/&5')&@#9.+/&#.&5')&IL&
3,#10:.B&$0(0-)5)(/&rho and eta&#@50,.)+&;(#-&5')&-,C,.B/&#;&O&0.+&Q&-)/#./&F,5'&
5'),(&0.:$0(:81)/&0.+&;(#-&5')&+)80A&#;&0&Q&-)/#.&,.5#&0&$,#.&$19/&1)$5#./K
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Contact ! Giulia Galli 

N%-A&"+-67'$>'/)5->$"%-)sJ)A-+''b''#)#)55-c14*)A-+D&*1

Materials Science

F%6&"."&2%#'FI'96"&64,-%#'W)%*'$>'(-e1-*'a)6&"'F0."$A&+'
N%*&"+6)%*-%#'$>'d7*"$#&%'W$%*-%#

F%'6,&'5)+6'+&A&")5'*&4)*&+H'A-:")2$%)5'+.&46"$+4$.7',)+':&&%'S-*&57'
1+&*'6$'."$:&'6,&'+6"1461"&')%*'*7%)0-4+'$>'S)6&"H')%*'014,'."$#"&++'
,)+':&&%'0)*&'-%'6,&'1%*&"+6)%*-%#'$>',7*"$#&%':$%*-%#'-%'6,&'5-e1-*H'
:)+&*'$%'6S$P*-0&%+-$%)5'B;PJC'FI'+.&46"$+4$.7D'd$S&A&"H'*&+.-6&'
&@.&"-0&%6)5')%*'6,&$"&24)5')*A)%4&+'B&D#DH'6,&'-%6&"."&6)2$%'$>'FI'
)%*';PJPFI'+.&46")'."$A-*&*':7'+&A&")5'+-015)2$%'+61*-&+CH')'*&6)-5&*'
1%*&"+6)%*-%#'$>'6,&'-%>")"&*'BFIC'5-%&'+,).&+'$>'5-e1-*'S)6&"',)+'%$6'
7&6':&&%')4,-&A&*D

N%-A&"+-67'$>'/)5->$"%-)sJ)A-+'"&+&)"4,&"+'-%6&"."&6&*'6,&'4$0.5&@'
+,).&'$>'6,&'FI'+6"&64,-%#':)%*'$>'%&)6H',&)A7'S)6&"H'1+-%#'Q"+6'
."-%4-.5&+'0$5&415)"'*7%)0-4+')%*'0@*,.,:#'&5&46"$%-4'+6"1461"&'
4)5415)2$%+'�=�D'E,&7'4)""-&*'$16'4)5415)2$%+'1+-%#'6,&'t:$@'4$*&'
$%'F%6"&.-*H'6,&'FWX'W51&'Y&%&]M'+1.&"4$0.16&"')6'6,&'!"#$%%&'
(&)*&"+,-.'/$0.12%#'3)4-5-67D'E,&'"&+&)"4,&"+'+,$S&*'6,)6'
-%6&"0$5&415)"'*-.$5)"'4$""&5)2$%+'.5)7')'L&7'"$5&'-%'*&6&"0-%-%#'6,&'
+,).&')%*'S-*6,'$>'6,&':)%*H')%*'6,)6'6,&+&'4$""&5)2$%+')"&'5$%#P
")%#&*H'&@6&%*-%#'6$'6,&'+&4$%*'4$$"*-%)2$%'+,&55D'W$6,',7*"$#&%P
:$%*&*')%*'%$%P,7*"$#&%P:$%*&*'0$5&415&+'4$%6"-:16&'6$'6,&'FI'
+6"&64,-%#':)%*'$A&"'6,&'&%2"&'>"&e1&%47'")%#&H'S-6,'%$'*-+2%42A&'
.&)L'$"'+,$15*&"')++$4-)6&*'S-6,'&)4,'+.&4-&+D'a-6,-%')'0$5&415)"'
$":-6)5'.-461"&H'6,&'"&+&)"4,&"+'-*&%2Q&*'+.&4-Q4'>&)61"&+'$>'6,&'

]"')&T2IT"_&$(#B(0-&'0/&@)).&
3)(A&,-$#(50.5&,.&0+30.8,.B&#9(&
()/)0(8'E&$(#3,+,.B&+)+,805)+&
088)//&5#&0&',B'*$)(;#(-0.8)&
8#-$95)(&-0.0B)+&@A&0.&
)C5()-)1A&8#-$)5).5&0.+&')1$;91&
5)0-K̂

<#1)8910(&#(@,501&()$()/).50:#.&#;&5')&)1)85(#.,8&
/505)/&,.&5')&7(/5&/#130:#.&/')11&,.&F05)(K&"')&,./)5&
/'#F/&+,d)().5&8#.5(,@9:#./&!5#501E&,.5)(*&0.+&,.5(0*
-#1)8910(%&5#&5')&TY&/5()58',.B&@0.+&#;&1,D9,+&F05)(K

:)%*')"-+-%#'>"$0'4$""&5)2$%+'
$>'&5&46"$%-4'4$%6"-:12$%+'6$'
6,&'FI')42A-67D'E,&'"&+&)"4,&"+K'
-%6&"."&6)2$%'$>'6,&'FI'+6"&64,-%#'
:)%*'$>'S)6&"'-+'."$A-*-%#')'
:&_&"'1%*&"+6)%*-%#'$>',7*"$#&%'
:$%*-%#D'!**-2$%)5'+.&46"$+4$.-4'
-%A&+2#)2$%+'4)""-&*'$16':7'
6,&'N/J'6&)0H'-%'4$55):$")2$%'
S-6,'"&+&)"4,&"+')6'((G(')%*'
XFE'-%451*&'6,&'+61*7'$>'lPI)7'

):+$".2$%'+.&46")'�;�D

M,7+-4+'-++1&+'6,)6'"&0)-%'6$':&'
&@.5$"&*'-%451*&'6,&'&U&46+'$>'6,&'
."&+&%4&'$>'+$5A)6&*'-$%+'$%'6,&'
."$.&"2&+'$>'%&)6')%*'4$%Q%&*'
S)6&"')%*'6,&')%)57+-+'$>'&5&46"$%-4'
+.&46")'B&D#DH'@P")7'):+$".2$%'
+.&46")CD

�=�'Z3-"+6'M"-%4-.5&'!%)57+-+'$>'6,&'FI'
96"&64,-%#'W)%*'$>'(-e1-*'a)6&"[H' 
/D'�,)%#H'JD'J$%)*-$')%*'YD'Y)55-H' 
SK&L'A/K&I')-K&R)UK=H'=Oow'B;<=<CD

�;�'Z($4)5'?U&46+'-%'6,&'lP")7'
!:+$".2$%'9.&46"10'$>'9)56'a)6&"[H'
d&)6,&"'|D'm15-LH'G-4$5)'X)"\)"-H'
!5>"&*$'!D'/$""&)H'J)A-*'M"&%*&"#)+6H'
?"-4'94,S&#5&"H')%*'Y-15-)'Y)55-H'SK&L'A/K&

I')-K&Q&==vH'ojov'B;<=<C

INCITE Allocation:
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Contact ! Peter Coveney

N%-A&"+-67'/$55&#&'($%*$%''b''.DAD4$A&%&7c145D)4D1L

4.0$/'#5/&#;&5')&3#(:8,5A&7)1+&#;&0&PLb&1#805)+&
,.&F)061A&59(@91).5&?#F&F,5'&Y)=>i[&0.+&$)(,#+&
)D901&5#&\pcp`&RQ&:-)&/5)$/K&"')&D90.:5A&/'#F.&
,/&5')&-0B.,59+)&#;&3#(:8,5A&0@#3)&0&B,3).&895*#d&
1)3)1K&Y)+&8#(()/$#.+/&5#&10(B)&.)B0:3)&3#(:8,5A&
!81#86F,/)&(#50:#.%E&0.+&@19)&5#&10(B)&$#/,:3)&

3#(:8,5A&!8#9.5)(*81#86F,/)&(#50:#.%K

Materials Science

()"#&P94)5&'/$%*&%+&*'X)_&"')%*'351-*'J7%)0-4+'9-015)2$%+
Identifying UPOs in the Navier-Stokes Equations with HYPO4D
N%-A&"+-67'/$55&#&'($%*$%'"&+&)"4,&"+')"&')..57-%#'*7%)0-4)5'+7+6&0+'
6,&$"7'6$'6,"&&P*-0&%+-$%)5'V1-*'61":15&%4&D'E,&7')"&'6)L-%#')'%$A&5'
+.)4&P20&'A)"-)2$%)5').."$)4,'1+-%#'6,&'dqMTvJ'4$*&')%*',)A&'
5$4)6&*'+&A&")5'N%+6):5&'M&"-$*-4'T":-6+'BNMT+CD'E,&'0)-%')*A)%6)#&'$>'
+6$"-%#'NMT+'6$'"&."&+&%6')'61":15&%6'V$S'-+'6,)6'-6'%&&*+'6$':&'*$%&'
$%57'$%4&D'F%'6,&'>161"&H'6,&'61":15&%6')A&")#&'$>')%7'#-A&%'e1)%267'
4)%':&'4$0.16&*'*-"&4657'>"$0'6,&'NMT'5-:")"7'S-6,',-#,')441")47')%*'
S-6,$16'6,&'%&&*'6$'+$5A&')%'-%-2)5'A)51&'."$:5&0H'1+-%#'6,&'*7%)0-4)5'
\&6)'>1%42$%'>$"015)2$%D'E,-+'0&6,$*$5$#7',)+'6,&'.$6&%2)5'6$'
:&4$0&')'%&S'.)")*-#0'-%'6,&'+61*7'$>'5)"#&H'*"-A&%'*-++-.)2A&'
*7%)0-4)5'+7+6&0+H'%$6'$%57'>$"'6,&'G)A-&"P96$L&+'&e1)2$%+D

INCITE Allocation:
v<'X-55-$%'d$1"+
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Contact ! Peter Coveney

N%-A&"+-67'/$55&#&'($%*$%''b''.DAD4$A&%&7c145D)4D1L

T.,:01&/59859()&#;&5')&10(B)&RJH*.981),8&08,+&-#+)1/E&
!0%&4A/5)-E&05&5')&/50(5&#;&5')&/,-910:#.K&V#(&810(,5AE&
F05)(&-#1)891)/&0.+&8'1#(,+)&,#./&0()&.#5&+,/$10A)+K&
<0B.)/,9-E&019-,.9-E&#CAB).E&0.+&'A+(#B).&05#-/&
F,5',.&5')&RJH&0()&()$()/).5)+&0/&B(0AE&$,.6E&()+E&0.+&
F',5)&/$')()/E&()/$)8:3)1Ah&5')&05#-/&F,5',.&5')&Y2N&

$'#/$'05)&@086@#.)&0()&/'#F.&0/&A)11#F&/$')()/h&
0.+&011&#5')(&05#-/&F,5',.&5')&Y2N&/5(0.+/&0()&

()$()/).5)+&0/&@19)&/$')()/K

Materials Science

()"#&P94)5&'/$%*&%+&*'X)_&"')%*'351-*'J7%)0-4+'9-015)2$%+
Conducting a Large-Scale MD Study of Clay-Polymer 
Nanocomposites
E,-+'S$"L')-0+'6$'-%A&+2#)6&'6,&'4$0.5&@'-%6&")42$%':&6S&&%'45)7P
0-%&")5'+7+6&0+')%*'B:-$PC.$570&"+D

3-"+6H'"&+&)"4,&"+')6'N%-A&"+-67'/$55&#&'($%*$%')"&'+61*7-%#'6,&'.,7+-4)5'
)%*'4,&0-4)5')+.&46+'$>'45)7'.5)6&5&6+'*-+.&"+&*'-%')'.$570&"'0)6"-@D'
914,'%)%$4$0.$+-6&+',)A&')_")46&*'S-*&+."&)*'-%6&"&+6'*1&'6$'6,&'
-0."$A&*'."$.&"2&+'6,&7'&@,-:-6'4$0.)"&*'6$'6,&-"'4$%+261&%6'.)"6+^'
6,-+'-+'$>'#"&)6'-%6&"&+6'6$'6,&'$-5'-%*1+6"7D'N+-%#'"&.5-4)'&@4,)%#&'
6&4,%-e1&+'$%'6,&'FWX'W51&'Y&%&]M'F%6"&.-*')6'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67')55$S+'6,&'"&+&)"4,&"+'6$'+61*7'+7+6&0+';PO'
$"*&"+'$>'0)#%-61*&'5)"#&"'6,)%')%76,-%#'&5+&'41""&%657'.1:5-+,&*D'
N%*&"+6)%*-%#'6,&'0&4,)%-+0+':7'S,-4,'45)7'.5)6&5&6+'-%6&")46'S$15*'
:&')'0)R$"')*A)%4&')%*'0)7'5&)*'6$'")2$%)5'*&+-#%'$>'0)6&"-)5+'S-6,'
*&+-"&*'."$.&"2&+D

9&4$%*H'6,&7')"&'+61*7-%#'6,&'-%6&")42$%+'
$>'B:-$PC.$570&"+'S-6,'45)7+D'914,'+7+6&0+'
)"&'"&5&A)%6'6$'$"-#-%+'$>'5->&'+61*-&+D'
I&+&)"4,'-%6$'6,&'$"-#-%+'$>'5->&',)+'")"&57'
1+&*'+-015)2$%'6&4,%-e1&+'6$'1%*&"+6)%*'
6,&'.$++-:5&'4,&0-4)5'.)6,S)7+'6$'6,&'
>$"0)2$%'$>'&)"57':-$P0$5&415&+D'E,-+'
S$"L'-+'."$A-*-%#'-%+-#,6'-%6$'6,&'+6"1461"&H'
4$%>$"0)2$%H')%*'+6):-5-67'$>'%145&-4')4-*+H'
S,-5&'-%6&")42%#'S-6,')'45)7'+1">)4&')%*'
-%6&"4)5)6&*'-%'6,&'5)7&"&*'0)6&"-)5+H'S,-4,'
-+'&@6"&0&57'*-k4156'6$'$:6)-%')441")6&57'
>"$0'&@.&"-0&%6+D

INCITE Allocation:
v<'X-55-$%'d$1"+
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Contact ! Peter Coveney

N%-A&"+-67'/$55&#&'($%*$%''b''.DAD4$A&%&7c145D)4D1L

N&3,/901,q0:#.&#;&#.)&
0.)9(A/-K&"#$&R)eM&3#19-)&
().+)()+&3)1#8,5AK&"#$&
Y,B'5M&3#19-)*().+)()+&
3#.&<,/)/&/5()//K&Q#U#-&
R)eM&)C5)(.01&$()//9()&0.+&
/5()061,.)/K&Q#U#-&Y,B'5M&
)C5)(.01&3#.&<,/)/&/5()//&
0.+&/5()061,.)/K

Materials Science

()"#&P94)5&'/$%*&%+&*'X)_&"')%*'351-*'J7%)0-4+'9-015)2$%+
Simulating Brain Blood Flow to Better Diagnose, Treat Aneurisms
M)2&%6P+.&4-Q4':")-%':5$$*'V$S'+-015)2$%+')"&')-0-%#'6$'-0."$A&'
*-)#%$+-+')%*'6"&)60&%6'$>')%&1"-+0+D'I&+&)"4,&"+'>"$0'N%-A&"+-67'
/$55&#&'($%*$%',)A&'0)*&'+-#%-Q4)%6'."$#"&++'-%'+61*7-%#'6,"&&'
.)2&%6+K'-%6&"%)5'4)"$2*')"6&"7')%&1"7+0+D'F%'4$%*142%#'6,&'
+-015)2$%+H'6,&'"&+&)"4,&"+'1+&*'d&0&(WH')'+.)"+&P#&$0&6"7'
$.20-\&*'5)x4&'W$56\0)%%'4$*&H'$%'F%6"&.-*H'6,&'jjpP6&")V$.+'FWX'
W51&'Y&%&]MH')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67D'F%6"&.-*'
)55$S+'V$S'4)5415)2$%')6'+.&&*+'>)+6'&%$1#,'6$':&'45-%-4)557'1+&>15D'
E,&'+-015)2$%+'-%A$5A&*')'%10:&"'$>'+6&.+s)4e1-"-%#')%#-$#").,7'
*)6)H'6")%+>&""-%#'-6'6$'5$4)5'"&+$1"4&+H'."&P."$4&++-%#'5$4)557H'+6)#-%#'
6$'"&0$6&'"&+$1"4&+'>$"'+-015)2$%H')%*'"&.$"2%#'B1+-%#'-%6&")42A&'
+6&&"-%#')%*'A-+1)5-\)2$%CD

INCITE Allocation:
v<'X-55-$%'d$1"+

<D<<

o<D<< o;Dj< ojD<< opDj< =<<D<<

<D<<

<D<<

<D<O <D;j

<D;j

<D<j <Dj<

<Dj<

<D<w <Dpj

<Dpj

<D=< =D<<

=D<<

B0]+C

B00,#C

BM)C

BM)C
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X$*&5-%#'G-4L&5'3")461"&+')%*'G&@6PY&%&")2$%'I&)46$"+
!'0152*-+4-.5-%)"7'6&)0'$>'.,7+-4-+6+H'4,&0-+6+H'0)6&"-)5+'+4-&%2+6+H'
)%*'4$0.16&"'+4-&%2+6+'0)*&'-%%$A)2$%+'-%'+-015)2$%'0&6,$*+' 
)%*'.)")55&5'4$0.12%#'6&4,%$5$#-&+'6$'.&">$"0'6,&'5)"#&+6P&A&"' 
Bvw'0-55-$%')6$0+CH'4,&0-4)557'"&)42A&'0$5&415)"'*7%)0-4+'+-015)2$%'
$%'hjHjOh'FWX'W51&'Y&%&]M'."$4&++$"+')6'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67D'E,&'6&)0')%+S&"&*')'>1%*)0&%6)5'e1&+2$%'
&%4$0.)++-%#'4,&0-+6"7H'0&4,)%-4+H')%*'0)6&"-)5+'+4-&%4&f'd$S'
)'0-%16&')0$1%6'$>'-0.1"-2&+'+&#"&#)6&*'6$'#")-%':$1%*)"-&+'$>'
)'0)6&"-)5'&++&%2)557')56&"+'-6+'>")461"&':&,)A-$"D'E,&'"&+&)"4,&"+'
+-015)6&*'6,&'-%6"$*142$%'$>'+0)55')0$1%6+'$>'+15>1"'-%6$'6,&'
:$1%*)"-&+':&6S&&%'%-4L&5'#")-%+'6$'-%A&+2#)6&')'0)6&"-)5'."$.&"67'
L%$S%')+'Z&0:"-_5&0&%6D[''9&&-%#',$S'*-U&"&%6'4$%Q#1")2$%+'
$>'%-4L&5'>1%42$%')6'6,&+&'&@4&.2$%)557'+0)55'+4)5&+',&5.+'6,&0'
1%*&"+6)%*'6,&':)+-4'4,&0-+6"7'6,)6'S-55'&@.&*-6&'6,&'*&A&5$.0&%6'$>'
%&@6P#&%&")2$%'%145&)"'"&)46$"+D'E,&'+61*7'S)+'.1:5-+,&*'-%'L'A/,801&
Y)3,)F&R)U)(/'B!."-5';<=<CD

Director’s Discretionary 
Allocation:
O<'X-55-$%'d$1"+

Contact ! Priya Vashishta 

N%-A&"+-67'$>'9$16,&"%'/)5->$"%-)''b''."-7)Ac1+4D&*1

I1#/)9$/&#;&;(0859()&/,-910:#./&;#(&.0.#8(A/5011,.)&.,86)1&F,5'#95&0.+&F,5'&0-#($'#9/&/917+)&
B(0,.*@#9.+0(A&$'0/)/E&F')()&()+E&@19)E&0.+&A)11#F&8#1#(/&()$()/).5&.,86)1&05#-/&,./,+)&B(0,./&!uXKt&
.0.#-)5)(/&;(#-&B(0,.&@#9.+0(,)/%E&.,86)1&05#-/&F,5',.&XKt&.-&;(#-&B(0,.&@#9.+0(,)/E&0.+&/91;9(&
05#-/E&()/$)8:3)1AK&"')&7B9()&/'#F/&0&5(0./,:#.&;(#-&+98:1)E&5(0./B(0.910(&5)0(,.B&5#&@(,U1)E&
,.5)(B(0.910(&81)030B)K&n',5)&0((#F/&$#,.5&5#&5(0./B(0.910(&;(0859()&/9(;08)/K

,-.#/012-234%56%7/8921:%;)16)#%+2<#2<"*53%53%<#"/3%.5)3="#/2+

With SPure Ni

7.5nm7.5nm
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Contact ! >2?%@#2212$ 
!"#$%%&'G)2$%)5'():$")6$"7''b''R#"&&5&7c)%5D#$A

Materials Science

M"$:-%#'6,&'G$%P+4)5):5&'G)%$'I&#-0&'-%'/)6)5724'G)%$.)"245&+'
S-6,'?5&46"$%-4'96"1461"&'/)5415)2$%+

_1)85(#.&+)./,5A&$)(59(@0:#.&;(#-&80(@#.&-#.#C,+)&0+/#($:#.&
#.&0&-91:*'9.+()+&05#-&B#1+&.0.#$0(:81)K&"')&$)(59(@0:#.&809/)/&

/,B.,780.5&D90.59-&/,q)&)d)85/&,.&Ib&80501A/,/&#.&B#1+&$0(:81)/K

E$'#&6'-%+-#,6'-%6$'e1)%610P+-\&'&U&46+'Bt9?C'$>'%)%$P451+6&"+')%*'
&+20)6&'6,&'-0.)46'$%'6,&-"'4)6)5724'):-5-67H'!"#$%%&'"&+&)"4,&"+H'
-%'4$55):$")2$%'S-6,'4$55&)#1&+')6'6,&'E&4,%-4)5'N%-A&"+-67'$>'
J&%0)"LH'.&">$"0&*'J&%+-67'31%42$%)5'E,&$"7'BJ3EC'4)5415)2$%+'
$%'41:$46),&*")5'#$5*'451+6&"+'S-6,')*+$":&*'$@7#&%')%*'4)":$%'
0$%$@-*&D'E,&'&U&42A&'451+6&"'+-\&+'")%#&*'>"$0'<Dj'6$'):$16'v'%0'
B=O'6$'=Hv=j')6$0+CD'E,&'4)5415)2$%+'S&"&'*$%&'$%'6,&'FWX'W51&'
Y&%&]M'+1.&"4$0.16&"')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67D'
E,&'"&+&)"4,&"+'>$1%*'6,&'t9?'6$':&'&%&"#&24)557'4$%A&"#&*'>$"'
451+6&"+'5)"#&"'6,)%'O<o')6$0+'�'S,&"&'6,&7'$:6)-%&*'6,&')*+$".2$%'
4,)")46&"-+24+'$>'+-%#5&'4"7+6)5'+1">)4&+D'E,&'t9?'&U&46+'S&"&'$%'
6,&'$"*&"'$>'='&8')%*',)*')',1#&'-0.)46'$%'6,&'&+20)6&*'4)6)5724'
."$.&"2&+'$>'6,&'451+6&"+D'E,&7')5+$'>$1%*'6,&'t9?'6$':&'&++&%2)557'
"&."$*14&*':7')'+-0.5&H'2#,6P:-%*-%#'0$*&5'S-6,'%&)"&+6P%&-#,:$"'
0)6"-@'&5&0&%6+'&+20)6&*'>"$0':15LP#$5*'4)5415)2$%+')%*'Q6'6$'
"&."$*14&'6,&')*+$".2$%'4,)")46&"-+24'$>'6,&'+-%#5&P4"7+6)5'+1">)4&+D

I&+&)"4,')44$0.5-+,0&%6+'-%451*&f
 ! /$0.5&6&*'.)")55&5-\)2$%'$>'*&%+&'5-%&)"')5#&:")s4)%'%$S')5S)7+'
"1%'-%'8G'0$*&'S-6,'+6)6&P.)")55&5-\)2$%')%*'S-55'%&A&"'"1%'$16'$>'
0&0$"7^

 ! 3$1%*'%&SH'&k4-&%6'WY]M'0)..-%#+^

 ! J-*')**-2$%)5'#&%&")5'61%-%#'$>'6,&'.)")55&5'.&">$"0)%4&')%*')"&'
S$"L-%#'0$"&'45$+&57'S-6,'FWX'6$'$.20-\&'6,&'4$*&'>1"6,&"^

 ! J-+4$A&"&*')'+4,&0&'6,)6'4$""&46+'>$"'%10&"-4)5'#"-*'
&U&46+'B&##P:$@'&U&46CH'S,-4,'4)%'+10'1.'6$'+&A&")5'&8+'
>$"'5)"#&'+7+6&0+'�')%*'S,-4,'>1"6,&"0$"&'-%V1&%4&'6,&'
"&5)@)2$%'$>'451+6&"+'B#"-*P+%)..-%#'6$',$6+.$6+'$>'6,&'
&##P:$@'&U&46CD'

/1""&%657H'6,&'"&+&)"4,&"+')"&'.1"+1-%#'#&$0&6"-4'
"&5)@)2$%'$>'5)"#&"'451+6&"+')%*'>$41+-%#'6,&-"'&U$"6+'
$%'M6')%*'I,H'S,-4,H'4$%6")"7'6$'!1H',)A&')'.)"2)557'
Q55&*'*P:)%*D'E,&7'4$%2%1&'6$'S$"L'$%'-%6&#")2%#'
6,&'dJ3j'5-:")"7'-%6$'YM!a'6$')55$S'6,&'&k4-&%6'
"&+6)"6'$>'4)5415)2$%+'1+-%#'S)A&'>1%42$%+D'E,&7K"&'
)5+$')**"&++-%#')'6,$"%7'6&4,%-4)5'4,)55&%#&f'J&%+&'
*-)#$%)5-\)2$%')"-+-%#'>"$0'94)(!M!/m'-+'$%&'$>'+&A&")5'
!0*),5'5-0-6)2$%+'-%'6,&'4)%$%-4)5'TBGOC'J3E')5#$"-6,0D'
E,-+'-+')'%$%P6"-A-)5')5#$"-6,0-4':$_5&%&4L'6,)6'S-55'5-L&57'"&e1-"&'
-0.5&0&%2%#'TBGC'J3E')5#$"-6,0+')+')'"&+$512$%D'

INCITE Allocation: 
=<'X-55-$%'d$1"+

]"')&8#-$950:#.01&()/#9(8)/&
030,10@1)&5'(#9B'&5')&T2IT"_&
$(#B(0-&'03)&$)(-,U)+&9/&5#&
0.01Aq)&5')&80501A:8&0.+&)1)85(#.,8&
$(#$)(:)/&#;&.0.#$0(:81)/&5'05&
F#91+&'03)&@)).&,-$#//,@1)&
5#&/59+A&#.&-#()&8#.3).:#.01&
/A/5)-/K̂
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Contact ! Karoly Nemeth 

!"#$%%&'G)2$%)5'():$")6$"7''b''%&0&6,c)%5D#$A

Materials Science

N+-%#'t1)%610'/,&0-+6"7'6$'961*7'M,$6$4)6,$*&+

]"')&J,()85#(W/&J,/8():#.0(A&
N11#80:#.&'0/&')1$)+&-)&5#&
$(#+98)&',B'*$(#71)&$9@1,80:#./&
,.&5')&7)1+&#;&10/)(*$10/-0&
088)1)(05#(/&0.+&$'#5#805'#+)&
()/)0(8'&/#&;0(E&0.+&T&)C$)85&5#&
8#.:.9)&/988)//;91&0$$1,80:#.&#;&
/9$)(8#-$95)(/&,.&30(,#9/&7)1+/&
#;&-05)(,01/&/8,).8)E&()8).51A&01/#&
,.&5')&0.01A/,/&#;&C*(0A&/80U)(,.B&
#@50,.)+&#;&).)(BA&/5#(0B)&
-05)(,01/K&"')&B).)(#9/&0-#9.5/&
#;&/9$)(8#-$9:.B&:-)&T&'03)&
()8),3)+&')1$)+&-)&5#&D9,861A&
)C$1#()&.)F&,+)0/&,.&5')&0@#3)*
-).:#.)+&7)1+/&0.+&)10@#(05)&
()/)0(8'&7.+,.B/&5'05&$(#3)+&5#&@)&
5')&-#/5&$(#-,/,.B&+,()8:#./K̂

49(;08)&@0.+/&!1)e*'0.+&$0.)1/%&0.+&5')&@0.+&/5(9859()&!(,B'5*'0.+&
$0.)1/%&#;&<Bb!n<Bb<R%aNB!XX[%!`<R%a<Bb!n<Bb<R%&/A/5)-/&,.&5')&
Q(,11#9,.&q#.)&;#(&n<Bb=Xl`K&J0(6&@19)&/$#5/&+).#5)&6*/$08)&()B,#./&
F,5'&#889$,)+&)1)85(#./h&#5')(F,/)E&8#1#(,.B&,.+,805)/&@0.+&'),B'5&
0@#3)&_VE&5')&V)(-,&).)(BAK&b.1A&/9(;08)&@0.+/&F,5'&5')&',B')/5&

).)(BA&#889$,)+&8(A/501&#(@,501/&,.&5')&8).5)(&#;&5')&Q(,11#9,.&q#.)&0()&
/'#F.&;#(&)08'&3019)&#;&n<BbK&

V,B9()&()$(#+98)+&F,5'&$)(-,//,#.&;(#-&OK&2)-)5'&)5K&01E& 
M,7+D'I&AD'(&_D'[X`E&X`pcX[&!\X[X%K&

N56")P6,-%'X#T'Q50+'$%'!#B<<=C'+1">)4&+'4$%+2616&')%'&@)0.5&'$>'
,$S'156")P6,-%'+1">)4&'5)7&"+'$%'0&6)5+'4)%':&'1+&*'6$'4$%6"$5'6,&'
&0-_)%4&'."$.&"2&+'$>'.,$6$4)6,$*&+D'F%')**-2$%'6$'+1:+6)%2)557'
"&*14-%#'6,&'S$"L'>1%42$%'$>'6,&'0&6)5'+1">)4&H'6,&'X#T'5)7&"+')5+$'
>)A$"):57'-%V1&%4&'6,&'+,).&'$>'6,&'+1">)4&':)%*+H'"&+152%#'-%'6,&'
#&%&")2$%'$>',-#,P:"-#,6%&++'&5&46"$%P:&)0+D'!+'6,&'%10:&"'$>'X#T'
+1">)4&'5)7&"+'A)"-&+'>"$0'<'6$'OH'6,&'&0-_&*'&5&46"$%':&)0':&4$0&+'
#")*1)557':"-#,6&"H'"&*14-%#'-6+'6")%+A&"+&'&0-_)%4&'6$'<D<h'00P0")*D'

/$55):$")6$"+'>"$0'!"#$%%&H'G$"6,&"%'F55-%$-+'N%-A&"+-67H')%*'6,&'
F55-%$-+'F%+2616&'$>'E&4,%$5$#7')"&'*&A&5$.-%#'.,$6$4)6,$*&+'S-6,'
156")P5$S'6")%+A&"+&'&0-_)%4&s)''."&"&e1-+-6&'>$"'6,&'*&A&5$.0&%6'
$>'@P")7'>"&&P&5&46"$%'5)+&"+')%*'&%&"#7P"&4$A&"7'5-%)4'@P")7'+$1"4&+D'
E,&+&'*&A-4&+'4)%':&'&0.5$7&*'6$'$:6)-%'+,)".&"'-0)#&+'$>'+-%#5&H'
5)"#&'0$5&415&+H'+14,')+'A-6)5'."$6&-%+'-%'.,7+-$5$#-4)5'+$512$%+D'E,&'
"&+&)"4,'S-55'4$%6"-:16&'6$'6,&'4"&)2$%'$>'-%+6"10&%6+'6,)6'S-55'&%):5&'
6,&'+61*7'$>'.,&%$0&%)'6,)6')"&'%$6'&@.&"-0&%6)557')44&++-:5&'6$*)7H'
-%451*-%#'6,$+&'-%'6,&':-$5$#-4)5')%*'&%A-"$%0&%6)5'
"&+&)"4,'+&46$"D

E,&'"&+&)"4,'6&)0'-+'1+-%#'6,&'t1)%610'?+."&++$]
Ma9/3'+$`S)"&'.)4L)#&s)'#&%&")5'e1)%610P
0&4,)%-4+'4$*&'>$"')6$0-4]0$5&415)"]+$5-*P+6)6&'
.,7+-4+')%*'4,&0-+6"7s6$'4)""7'$16'6,&'4)5415)2$%+'$>'
6,-+'S$"LD'E,&'"&+&)"4,&"+')"&'"1%%-%#'6,&-"'4)5415)2$%+'
$%'6,&'W51&'Y&%&]M')6'6,&'!"#$%%&'(&)*&"+,-.'
/$0.12%#'3)4-5-67')%*'6,&'/")7'lEv')%*'lEj')6'6,&'
G)2$%)5'?%&"#7'I&+&)"4,'94-&%2Q4'/$0.12%#'/&%6&"D'

I&+&)"4,&"+'.5)%'6$'4$%*146'6,&'+4"&&%-%#'$>'+&A&")5'
$6,&"'0&6)5]$@-*&'+7+6&0+'S-6,'6,&'.$6&%2)5'>$"'
5$SP6")%+A&"+&'&0-_)%4&'.,$6$P&5&46"$%+':7'+-0-5)"'
0&)%+D'F%')**-2$%H'6,&'6&)0'S-55'+61*7'6,&'&U&46'$>'
&@6&"%)5'&5&46"-4'Q&5*H'+1">)4&'"$1#,%&++H'&64D'E,&':&+6'
.,$6$4)6,$*&'4)%*-*)6&+'S-55':&'6&+6&*'&@.&"-0&%6)557D

Director’s Discretionary Allocation:
<Dj'X-55-$%'d$1"+
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MMaterials/Chemistry

X)6&"-)5+'J&+-#%')%*'J-+4$A&"7f'/)6)57+-+')%*'?%&"#7'96$")#&

Contact ! !"##$%()#*++ 
!"#$%%&'G)2$%)5'():$")6$"7''b''41"2++c)%5D#$A

E,-+'."$R&46'6)"#&6+'>$1"'0)6&"-)5+'+4-&%4&'."$:5&0+'6,)6')"&'4"-24)5'
6$'6,&'J&.)"60&%6'$>'?%&"#7K+'&%&"#7'+&41"-67'0-++-$%f'=C':-$0)++'
4$%A&"+-$%H';C'&5&46"-4'&%&"#7'-%6&">)4&+H'OC'5-6,-10P)-"':)_&"-&+H'
)%*'vC'4)6)57+-+'S-6,',-#,P�'0&6)5'%)%$.)"245&+D'E,&'Q"+6'6S$'$>'
6,&+&')"&'6,&'-0.&61+'$>'6,&'?%&"#7'3"$%2&"'I&+&)"4,'/&%6&"+')6'
!"#$%%&'G)2$%)5'():$")6$"7f'F%+2616&'>$"'!6$0P&k4-&%6'/,&0-4)5'
E")%+>$"0)2$%+')%*'/&%6&"'>$"'?5&46"-4)5'?%&"#7'96$")#&D'(-6,-10P)-"'
:)_&"-&+')"&')'():$")6$"7'J-"&46&*'I&+&)"4,'�'J&A&5$.0&%6'J-"&46$"K+'
Y")%*'/,)55&%#&D'()+657H'4)6)57+-+'S-6,',-#,P�'0&6)5'%)%$.)"245&+'-+'
)'0)R$"'4$0.$%&%6'$>'6,&'$%#$-%#'"&+&)"4,'&U$"6+')6'6,&'/&%6&"'>$"'
G)%$+4)5&'X)6&"-)5+D'E,&'4$0.16)2$%)5'0&6,$*H'J&%+-67'31%42$%)5'
E,&$"7'BJ3ECH'-+'6,&'0$+6'>"&e1&%657'1+&*'&5&46"$%-4'+6"1461"&'0&6,$*'
:&4)1+&'$>'-6+'"&5)2A&')441")47')%*'>)A$"):5&'+4)5-%#'S-6,'+7+6&0'
+-\&f'TBGOCD'J3E',)+'.5)7&*')%'-0.$"6)%6'"$5&'-%'1%*&"+6)%*-%#'6,&'
."$.&"2&+'$>'4)6)57+6+H'&5&46"$%-4'6")%+.$"6H'+.-%6"$%-4+H'0)_&"')6'
&@6"&0&'4$%*-2$%+H'+&0-4$%*146$"+H'0&6)5+H')%*'&A&%'W/9P67.&'
+1.&"4$%*146$"+D

Early Science Program  
Intrepid Allocation:
O'X-55-$%'d$1"+
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!*A)%4-%#'6,&'N%*&"+6)%*-%#'$>'G145&)"'96"1461"&
I&+&)"4,&"+'>"$0'T)L'I-*#&')%*'!"#$%%&'%)2$%)5'5):$")6$"-&+'
)"&'1+-%#'4$0.5&0&%6)"7'6&4,%-e1&+H'-%451*-%#'Y"&&%K+'31%42$%'
X$%6&'/)"5$H'6,&'G$'/$"&'9,&55'X$*&5H')%*'/$1.5&*P/51+6&"'0&6,$*+'
6$'.&">$"0'0@&,.,:#'4)5415)2$%+'$>':$6,'+6"1461")5')%*'"&)42$%'
."$.&"2&+'$>'5-#,6P')%*'0&*-10P0)++'%145&-D'E,&'4)5415)2$%+'1+&'
"&)5-+24'0$*&5+'$>'%145&)"'-%6&")42$%+'-%451*-%#':$6,'6S$P')%*'6,"&&P
%145&$%'>$"4&+D'E,&-"'S$"L'4$15*')*A)%4&'1%*&"+6)%*-%#'$>'6,&'6"-.5&P
)5.,)':1"%-%#'"&)42$%H'S,-4,'-+'&++&%2)5'6$'5->&'$%'&)"6,D

E,&7')5+$')"&'&@.5$"-%#'6,&'"$5&'$>'6,&'6,"&&P%145&$%'>$"4&'-%'
+1:+6)%2)557',&)A-&"'%145&-D'31"6,&"0$"&H'"&+&)"4,&"+')"&'1+-%#'
J&%+-67'31%42$%)5'E,&$"7'BJ3EC'6$'4)5415)6&'."$.&"2&+'$>'%145&-')4"$++'
6,&'&%2"&'")%#&'$>'%145&)"'0)++&+D'E,&+&'J3E'+61*-&+'S-55',&5.'."&*-46'
%145&)"'."$.&"2&+'"&5&A)%6'6$'%145&)"'"&)42$%+'+14,')+'%&16"$%P
%145&1+'"&)42$%'4"$++P+&42$%+')%*'Q++-$%D'E,-+'%&S'1%*&"+6)%*-%#'$>'
%145&-',)+'>)"P"&)4,-%#'-0.5-4)2$%+H'-0.)42%#'6,&'Q&5*+'$>'&%&"#7')%*'
)+6"$.,7+-4+D'E,&'"&+&)"4,&"+')"&'4$%*142%#'6,&-"'4)5415)2$%+'$%'6,&'
FWX'W51&'Y&%&]M'BWY]MC')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'
)%*'6,&'/")7'lE')6'T)L'I-*#&'G)2$%)5'():$")6$"7D

E,&'WY]M'"&+&)"4,'6&)0',)+'4$0.5&6&*'#"$1%*P+6)6&'=;C 
4)5415)2$%+s)'L&7'0-5&+6$%&D'E,&'#"$1%*'+6)6&'"&."&+&%6+'6,&':&+6'
converged 0@&,.,:#'4)5415)2$%+'$>'=;/'&A&"D'E,&'"&+&)"4,&"+',)A&'
4$%2%1&*'*&A&5$.-%#')%*'6&+2%#'A)"-$1+'>$"015)2$%+'$>'+6)"2%#'S)A&'
>1%42$%+'>$"'6,&'Q"+6'&@4-6&*'<n'+6)6&'$>'=;/'B6,&'d$75&'$"'6"-.5&P)5.,)'
:1"%-%#'+6)6&CD'a,-5&'6,&7',)A&'%$6'7&6'>$1%*')'+6)"2%#'S)A&'>1%42$%'
6,)6'"&0)-%+'$"6,$#$%)5'6$'6,&'#"$1%*'+6)6&'S)A&'>1%42$%'*1"-%#'

Y"&&%K+'31%42$%'X$%6&'/)"5$'
BY3X/C'."$.)#)2$%H'6,-+'S$"L'-+'
$%#$-%#D

F%'$"*&"'6$'&%):5&'6,&' 
=;/'4)5415)2$%+'$%'WY]MH'
4$0.16&"'+4-&%2+6+'-%'!"#$%%&K+'
X)6,&0)24+')%*'/$0.16&"'
94-&%4&'J-A-+-$%'*&A&5$.&*'6,&'
!+7%4,"$%$1+'J7%)0-4'($)*'
W)5)%4-%#'5-:")"7'B!J(WCH'S,-4,'
."$A-*&+'Y3X/'S-6,'+4)5):-5-67'-%')'
+-0.5&'S$"LP+,)"-%#'."$#")00-%#'
0$*&5D'W7'1+-%#'T.&%XM'$%'&)4,'
%$*&H'6,&'6&)0'-+'%$S'#&x%#'
&++&%2)557'.&">&46'+4)5-%#'1.'6$'
hjHjOh'%$*&+'BO;Hphw')"&'1+&*'
>$"'6,&-"'."$*142$%'"1%+CD'E,&'
team is now using the 

=;/'Y3X/'
4)5415)2$%+'6$'6&+6')'%&S'A&"+-$%'
$>'!J(W'6,)6'1+&+'6,&'XMF'$%&P
+-*&*'.16+')%*'#&6+D

INCITE Allocation: 
=j'X-55-$%'d$1"+

_C8)11).5&/801,.B&,/&08',)3)+&@A&5')&$(#+98:#.&N95#-0:8&JA.0-,8&R#0+&
Q010.8,.B&!NJRQ%&1,@(0(A&#.&5')&QZaLK

Contact ! David Dean 

T)L'I-*#&'G)2$%)5'():$")6$"7''b''*&)%*Rc$"%5D#$A

131,07232,7688,192
Number of Cores

12C ADLB ! GFMC on IBM BG/P

Ef
fic

ie
nc

y 
(%

)

Number of Nodes (4 OpenMP cores/node)

2,048
100

80

60

40

20

0
32,7688,1922,048512

]"')&[\I&8018910:#./&()D9,()&81#/)&
5#&0&-,11,#.&8#()&'#9(/&)08'K&"',/&
)C$1#(05#(A&F#(6/&()D9,()/&-0.A&
5#&@)&-0+)h&/98'&()/#9(8)/&0()&
030,10@1)&#.1A&#.&5')&1)0+)(/',$*
810//&-08',.)/K̂

45)3)&L,)$)(& 
N(B#..)&20:#.01&R0@#(05#(A&
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Contact !Steven C. Pieper 

!"#$%%&'G)2$%)5'():$")6$"7''b''+.-&.&"c)%5D#$A

Nuclear Structure

N@*,.,:#'I&)42$%'/)5415)2$%+'>$"'/)":$%P=;
I&+&)"4,&"+'S-55'4)5415)6&'+&A&")5'>1%*)0&%6)5'."$.&"2&+'$>'6,&'=;/'
%145&1+f'6,&'-0)#-%)"7P20&'"&+.$%+&H'6,&'$%&P:$*7'*&%+-67'0)6"-@H'
)%*'6")%+-2$%'0)6"-@'&5&0&%6+':&6S&&%'-+$+.-%P'<')%*'P='+6)6&+D'E,&+&'
)"&'%&&*&*'6$':&'):5&'6$'"&5-):57'4$0.16&'%&16"-%$P=;/'+4)_&"-%#H'
S,-4,'-+'%&&*&*'>$"'%&16"-%$'*&6&46$"'4)5-:")2$%+^'e1)+-P&5)+24'
&5&46"$%'+4)_&"-%#H'S,-4,'-+'41""&%657':&-%#'0&)+1"&*')6'|&U&"+$%'():'
B|():C^')%*'6,&'"&+156+'$>'$5*&"'"&)42$%+'$%'=;/D'

F%'6,&'.)+6'=j'7&)"+H'"&+&)"4,&"+',)A&'*&A&5$.&*'Y"&&%K+'>1%42$%'
X$%6&'/)"5$')+')'.$S&">15')%*')441")6&'0&6,$*'>$"'4$0.12%#'
."$.&"2&+'$>'5-#,6'%145&-'1+-%#'"&)5-+24'6S$P')%*'6,"&&P%145&$%'
.$6&%2)5+D'E,-+'S-55':&'6,&':)+-+'$>')55'6,&'4)5415)2$%+D'N%*&"+6)%*-%#'
6,&'."$.)#)2$%'$>'4,)"#&+')%*'41""&%6+'-%'6,&'%145&1+'-+'4"-24)5'6$'
)'"&)5'1%*&"+6)%*-%#'$>'6,&'.,7+-4+'$>'%145&$%-4'0)_&"D'?5&46"$%'
+4)_&"-%#'&@.&"-0&%6+'-%'6,&'e1)+-P'&5)+24'"&#-0&H'S,&"&'6,&'
*$0-%)%6'."$4&++'-+'L%$4L-%#')'+-%#5&'%145&$%'$16'$>'6,&'%145&1+H'
)"&'1%*&"'S)7')6'|&U&"+$%'():'>$"')'")%#&'$>'%145&-D'E,&'+&.)")2$%'
-%6$'5$%#-61*-%)5')%*'6")%+A&"+&'"&+.$%+&')55$S+'$%&'6$'+61*7'6,&'
."$.)#)2$%'$>'4,)"#&+')%*'41""&%6+H'"&+.&42A&57H'-%'6,&'%145&1+D'E,&'
%$%6"-A-)5'4,)%#&+')+'$%&'#$&+'>"$0'6,&'%145&$%')%*'*&16&"$%'6$'
5)"#&"'%145&-'5-L&'4)":$%'"&e1-"&'$%&'6$'4$%+-*&"'."$4&++&+'S&55':&7$%*'
+-0.5&H'$%&P%145&$%'L%$4L$16D'I&+&)"4,&"+'S-55'4$0.16&'6,&'6")%+-2$%'
*&%+-67'0)6"-4&+'$%')'6S$P*-0&%+-$%)5'#"-*'$>'6,&'0)#%-61*&+'$>'
6,&'-%-2)5')%*'Q%)5'.$+-2$%+D'!'.)"2)5'S)A&'&@.)%+-$%'$>'6,&')%#5&'
:&6S&&%'6,&'6S$'A&46$"+'S-55':&'0)*&D

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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()x4&'t1)%610'/,"$0$*7%)0-4+
()x4&'e1)%610'4,"$0$*7%)0-4+'B(t/JC'4)5415)2$%+')"&'"&e1-"&*'
6$'"&5)6&'6,&'&@.&"-0&%6)557'$:+&"A&*'."$.&"2&+'$>'6,&'+6"$%#57'
-%6&")42%#'.)"245&+'6$'t/JH'6,&'>1%*)0&%6)5'6,&$"7'$>'e1)"L+')%*'
#51$%+D'E,-+'"&+&)"4,')-0+'6$'."$*14&'6,&',-#,P."&4-+-$%'5)x4&'
t/J'4)5415)2$%+'6,)6')"&'1"#&%657'%&&*&*'-%'6,&')%)57+-+'$>'4"14-)5'
&@.&"-0&%6+'-%',-#,'&%&"#7')%*'%145&)"'.,7+-4+'6,)6',)A&'"&4&%657'
:&&%'4$0.5&6&*'$"')"&'-%'."$#"&++D'E,&':"$)*')-0+'$>'6,&'4)5415)2$%+'
)"&'6$'*&6&"0-%&'+$0&'$>'6,&':)+-4'.)")0&6&"+'$>'6,&'+6)%*)"*'0$*&5'
$>'+1:P)6$0-4'.,7+-4+^'6$'4$0.16&'6,&'0)++&+H'*&4)7'."$.&"2&+H'
)%*'-%6&"%)5'+6"1461"&'$>'+6"$%#57'-%6&")42%#'.)"245&+^'6$'$:6)-%')'
e1)%26)2A&'1%*&"+6)%*-%#'$>'6,&':&,)A-$"'$>'+6"$%#57'-%6&")42%#'
0)_&"'1%*&"'&@6"&0&'4$%*-2$%+'$>'6&0.&")61"&')%*'*&%+-67^')%*'6$'
:&#-%'6,&'+61*7'$>'+6"$%#57'-%6&")42%#'6,&$"-&+'6,)6'0)7':&'%&4&++)"7'
6$'*&+4"-:&'%)61"&')6'6,&'+,$"6&+6'*-+6)%4&+D'

I&+&)"4,&"+'S-55'1+&'6,&'%&@6P#&%&")2$%'W51&'Y&%&'6$'#&%&")6&'#)1#&'
4$%Q#1")2$%+'6,)6')"&'"&."&+&%6)2A&'+)0.5&+'$>'6,&'+7+6&0+':&-%#'
+61*-&*D'E,&+&'4$%Q#1")2$%+'S-55'-00&*-)6&57':&'0)*&')A)-5):5&'6$')55'
0&0:&"+'$>'6,&'ND9D'()x4&'t1)%610'/,"$0$*7%)0-4+'4$55):$")2$%'
BN9t/JCH'S,$'S-55'1+&'6,&0'6$'.&">$"0')'S-*&'")%#&'$>'4)5415)2$%+D'
X&0:&"+'$>'N9t/J')"&'41""&%657'#&%&")2%#'#)1#&'4$%Q#1")2$%+'
S-6,'6,"&&'*-U&"&%6'>$"015)2$%+'$>'5)x4&'e1)"L+H')%-+$6"$.-4'45$A&"H'
*$0)-%'S)55'BJa3CH')%*',-#,57'-0."$A&*'+6)##&"&*'e1)"L+'BdF9tCH'
&)4,'$>'S,-4,',)+'-0.$"6)%6')*A)%6)#&+'>$"'*-U&"&%6')+.&46+'$>'
$1"'S$"LD'I&+&)"4,&"+'&@.&46'6$':&'1+-%#'6,&+&'>$"015)2$%+')6'6,&'
20&'$>'6,&'?)"57'94-&%4&'M"$#")0D'E,&'%&@6P#&%&")2$%'W51&'Y&%&'
S-55'&%):5&'6,&0'6$'#&%&")6&'4$%Q#1")2$%+'6,)6'S$15*'+1..$"6'
4)5415)2$%+'$>'6,&'+.&46"10H'*&4)7'."$.&"2&+')%*'-%6&"%)5'+6"1461"&'
$>'+6"$%#57'-%6&")42%#'.)"245&+H')%*'6&+6+'$>'6,&'+6)%*)"*'0$*&5H'$>'
1%."&4&*&%6&*'."&4-+-$%D

Contact ! Paul Mackenzie 

3&"0-5):''b''0)4L&%\-&c>%)5D#$A

Early Science Program  
Intrepid Allocation:
pDj'X-55-$%'d$1"+
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Contact ! Michael Borland 

!"#$%%&'G)2$%)5'():$")6$"7''b'':$"5)%*c).+D)%5D#$A

Physics

J-"&46'X152$:R&42A&'T.20-\)2$%'$>'96$")#&'I-%#'
()x4&+'>$"'6,&'!M9'N.#")*&')%*'W&7$%*

The brightest gets brighter
E,&':"-#,6&+6'+6$")#&'"-%#P#&%&")6&*'@P")7':&)0+'-%'6,&'a&+6&"%'
d&0-+.,&"&')"&'4"&)6&*':7'!"#$%%&K+'!*A)%4&*'M,$6$%'9$1"4&'
B!M9C')%*')"&'1+&*':7'0$"&'6,)%'jH<<<'+4-&%2+6+'S$"5*S-*&D'!'
.5)%%&*'1.#")*&'6$'6,&'!M9'S-55'"&4$%Q#1"&'6,&'>)4-5-67K+'0)#%&6+'
B-6+'Z5)x4&[C'6$'&%,)%4&'6,-+'S$"5*P45)++'"&+$1"4&D'E,&')**-2$%'
$>'5$%#'+1.&"4$%*142%#'*&A-4&+'S-55'-%4"&)+&':"-#,6%&++':7')%'
$"*&"'$>'0)#%-61*&'>$"'@P")7+'):$A&';<'L&8D'E,&'1.#")*&'S-55')5+$'
)44$00$*)6&'+7+6&0+'>$"'*")0)24)557'"&*14-%#'6,&'@P")7'.15+&'5&%#6,H'
#-A-%#'6,&'!M9')'1%-e1&'.$+-2$%'>$"'&%):5-%#'20&P"&+$5A&*'+4-&%4&'
S-6,',)"*'@P")7+D'a-6,$16'*-+"1.2$%'6$'41""&%6'$.&")2%#'0$*&+H'
6,&'1.#")*&'S-55'"&+156'-%')%'-0."$A&*'+$1"4&'$>',-#,P&%&"#7H',-#,P
:"-#,6%&++H'61%):5&'@P")7+'>$"'+4-&%2Q4'"&+&)"4,D'

When massive compute power is elegant
94-&%2+6+')6'S$"L'$%'6,&'!M9'1.#")*&')"&'4,)55&%#&*'S-6,'$.20-\-%#'
6,&'%$%5-%&)"'*7%)0-4+'6$'."$A-*&':$6,'+1k4-&%6'*7%)0-4').&"61"&'
B6$'&%+1"&',-#,P-%R&42$%'&k4-&%47C')%*'0$0&%610').&"61"&'B6$'
&%+1"&'+1k4-&%6':&)0'5->&20&CD'E$'6)4L5&'6,-+'4,)55&%#&H'"&+&)"4,&"+'
S-55'.)-"'6,&'&@6"&0&'4$0.12%#'.$S&"'$>'6,&'!(/3K+'W51&'Y&%&]M'S-6,'
6,&'!M9P*&A&5$.&*'4$*&'Z&5&#)%6['6$'4"&)6&'4$0.5&@'.)"245&P6")4L-%#'
+-015)2$%+D

Providing faster solutions today, 
building resources for tomorrow
E,&'A)+6'4$0.16&'.$S&"'$>'6,&'
W51&'Y&%&]M'#-A&+'+4-&%2+6+')6'
S$"L'$%'6,&'!M9'1.#")*&'6,&'
):-5-67'6$'"&+$5A&'0$"&'4,)55&%#-%#'
."$:5&0+'>)+6&"D'E$'L&&.'.)4&'
S-6,'6,&'4$001%-67K+'+&&0-%#57'
-%+)2):5&')..&26&'>$"'-%4"&)+&*'
:"-#,6%&++H'"&+&)"4,&"+'S-55'1+&')'
.$"2$%'$>'6,&-"'!(//')55$4)2$%'6$'
)*A)%4&'-0.$"6)%6'4$%4&.6'S$"L'
>$"'%&@6P#&%&")2$%'Z1520)6&['
+6$")#&'"-%#+D'

ALCC Allocation:
Oh'X-55-$%'d$1"+

JA.0-,8&0$)(59()&;#(&tX&)((#(&)./)-@1)/&
#3)(10,+&#.&;()D9).8A&-0$&;#(&NL4*P&10f8)&
F,5'&4Lv&0.+&Y)+98)+&H#(,q#.501&Q)0-/,q)&
,./)(:#./K&"')&#$:-,q0:#.&$(#8)//&
/988)//;911A&)C819+)/&/5(#.B&()/#.0.8)/&
;(#-&5')&,.5)(,#(&()B,#.K

-20

-5

-10

-15

-15 -10 -5 0 5 10
x (mm)

y 
(m

m
)

2.5

1.5

2.0

1.0

0.5

0.0



46

IN
C

IT
E 

P
R

O
G

R
A

M Physics

d$S'J$'96)%*)"*'/)%*5&+'F5510-%)6&'m%$S5&*#&'$>'6,&'N%-A&"+&g'
E7.&'F)'+1.&"%$A)&'B9G&'F)C')"&')0$%#'6,&':"-#,6&+6'&@.5$*-%#'
+6)"+'-%'6,&'1%-A&"+&D'T:+&"A)2$%+'1+-%#'9G&'F)')+'Z+6)%*)"*'
4)%*5&+['5&*'6$'6,&'*-+4$A&"7'$>'*)"L'&%&"#7D'X$+6'+4-&%2+6+'
:&5-&A&'6,)6'1+-%#'9G&'F)'6$'*&6&"0-%&'6,&'."$.&"2&+'$>'*)"L'
&%&"#7'S-55'"&e1-"&')'014,':&_&"'1%*&"+6)%*-%#'$>'6,&+&'
&@.5$+-$%+D

I&+&)"4,&"+')"&'1+-%#'6,&'3(!9d'4$*&')%*'20&'$%'6,&'FWX'
W51&'Y&%&]M')6'6,&'!"#$%%&'(&)*&"+,-.'/$0.12%#'3)4-5-67'
B!(/3C')S)"*&*'6,"$1#,'6,&'ND9D'J&.)"60&%6'$>'?%&"#7K+'
FG/FE?'."$#")0'6$'4$%*146'6,&'Q"+6'4$0."&,&%+-A&H'+7+6&0)24'
A)5-*)2$%'$>'41""&%6'0$*&5+'$>'9G&'F)')%*'6$'*&6&"0-%&'6,&'
>1%*)0&%6)5'."$.&"2&+'$>':1$7)%47P*"-A&%'61":15&%6'%145&)"'
4$0:1+2$%'�')'.,7+-4)5'."$4&++'6,)6'-+'L&7'6$'9G&'F)':16'-+'%$6'
>1557'1%*&"+6$$*D

E,&'6&)0',)+'+-015)6&*')55'41""&%6'0$*&5+'$>'E7.&'F)'
+1.&"%$A)&'$%'6,&'!(/3K+'W51&'Y&%&]MD'E,&+&'+-015)2$%+'
5&*'6$'6,&'*-+4$A&"7'$>'"$:1+6'+-#%)61"&+'>$"'6,&'*-U&"&%6'
9G&'F)'0$*&5+H',$5*-%#'$16'6,&'."$0-+&'6,)6'$:+&"A)2$%+'
4)%'*-+4"-0-%)6&')0$%#'6,&0D'E,&'6&)0')5+$',)+'+-015)6&*'
:1$7)%47P*"-A&%'61":15&%6'%145&)"'4$0:1+2$%D'E,&+&'
+-015)2$%+'+,$S'6,)6'6,&'V)0&'+1">)4&'-+'4$0.5&@')6'5)"#&'
+4)5&+')%*'+0$$6,')6'+0)55'+4)5&+H'+1##&+2%#'6,)6'6,&':1"%-%#'
")6&'0)7':&'*&6&"0-%&*':7'6,&'."$.&"2&+'$>'6,&'V)0&')6'5)"#&'
+4)5&+D'

INCITE Allocation:
p<'X-55-$%'d$1"+

Contact ! Donald Lamb   

E,&'N%-A&"+-67'$>'/,-4)#$''b''*P5)0:c14,-4)#$D&*1

]"')&:-)&0F0(+)+&5#&5')&I).5)(&9.+)(&5')&T2IT"_&$(#B(0-&
'0/&@)).&)//).:01&5#&5')&5)0-W/&0@,1,5A&5#&08',)3)&5')/)&
/8,).:78&()/915/K̂

V#9(&/.0$/'#5/&+9(,.B&0&/,-910:#.&#;&5')&)C$1#/,#.&$'0/)&#;&5')&+)?0B(0:#.*
5#*+)5#.0:#.&!JJ"%&-#+)1&#;&.981)0(*$#F)()+&!"A$)&T0%&/9$)(.#30)K&"')&
,-0B)/&/'#F&)C5()-)1A&'#5&-0U)(&!0/'&#(&9.@9(.)+&;9)1%&0.+&5')&/9(;08)&
#;&5')&/50(&!B()).%K&&TB.,:#.&#;&5')&.981)0(&?0-)&F0/&0//9-)+&5#&#889(&
/,-9150.)#9/1A&05&p>&$#,.5/&(0.+#-1A&+,/5(,@95)+&,./,+)&0&[\c*6-&/$')()&05&
5')&8).5)(&#;&5')&F',5)&+F0(;&/50(K&"')&,-0B)/&/'#F&3#19-)&().+)(,.B/&#;&
)C5()-)1A&'#5&()B,#./&0.+&5')&/9(;08)&#;&5')&/50(&w+)7.)+&0/&5')&()B,#.&,.&
F',8'&5')&+)./,5A&,/&![KX&*&[K\t%&C&[Xxyiz&B&8-xy*>z{K&!0%M&XKX&/)8#.+/E&/'#F,.B&
5')&,.,:01&+,/5(,@9:#.&#;&,B.,:#.&$#,.5/K&!@%M&XKct&/)8#.+/E&F').&5')&@9@@1)/&
'03)&@)8#-)&Y0A1),B'*"0A1#(&9./50@1)&0.+&+)3)1#$)+&,.5#&-9/'(##-&/'0$)/&
#.&5'),(&F0A&5#&5')&/9(;08)&#;&5')&/50(K&!8%M&[K[&/)8#.+/E&F').&5')&7(/5&$19-)&
#;&'#5&0/'&'0/&-0+)&,5/&F0A&5#&5')&/9(;08)E&0.+&5')&?0-)&;(#.5&'0/&).5)()+&
5')&+,/5(,@95)+&@9(.,.B&()B,-)E&,.,:0:.B&0&+)5#.0:#.K&&!+%M&[K\&/)8#.+/E&0e)(&
/)3)(01&$19-)/&#;&'#5&0/'&'03)&()08')+&5')&/9(;08)&0.+&-91:$1)&+)5#.0:#./&
'03)&#889(()+E&F',1)&5')&7(/5&+)5#.0:#.&F03)&,/&$(#$0B0:.B&5'(#9B'&5')&
/50(K&T-0B)/&F)()&8()05)+&;(#-&0&/,-910:#.&(9.&#.&5')&Q19)&Z).)aL&05&5')&
N(B#..)&R)0+)(/',$&I#-$9:.B&V08,1,5A&,.&\XX|K

(a) 

E-0&f'<D<'+&4$%*+

E-0&f'=D='+&4$%*+

(c) 

E-0&f'=D='+&4$%*+

(b) 

E-0&f'<Dwj'+&4$%*+

B*C 
E-0&f'=D;'+&4$%*+

ODvv'&n<o vD=;'&n<o jDh='&n<o pDj<'&n<opDj<'&n<w

=D<<'&n<p =D<h'&n<p =D=;'&n<p
J&%+-67

E&0.&")61"&

=D=o'&n<p =D;j'&n<p

pj<

=j<<'L0

<D<< =Dj<&n<O

;<<<'L0

<D<< ;D<<&n<O=D<<&n<O
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Contact ! John Negele 

XFE'/&%6&"'>$"'E,&$"&24)5'M,7+-4+''b''%&#&5&c0-6D&*1

Physics

G145&$%'96"1461"&'J$S%'6$'6,&'M,7+-4)5'M-$%'X)++

V9.+0-).501&$(#$)(:)/&#;&5')&
.981)#.E&/98'&0/&5')&8'0(B)&
(0+,9/&/'#F.&')()E&80.&@)&
80189105)+&;(#-&7(/5&$(,.8,$1)/&
@A&/#13,.B&rIJ&.9-)(,8011A&#.&
0&/$08)*:-)&10f8)K&"',/&7B9()&
/'#F/&()/915/&;)059()+&,.&5')&
Jb_&24NI&1#.B*(0.B)&$10.E&
F',8'&'0+&5#&@)&)C5(0$#105)+&
;(#-&5')&1)e*-#/5&@19)&$#,.5&5#&
5')&$'A/,801&$,#.&-0//&/'#F.&
,.&()+K&"')&B#01&#;&5')&89(().5&
$(#G)85&,/&5#&80189105)&5')&(0+,9/&
05&/)3)(01&-0//)/&1#F)(&5'0.&
5')&1,B'5)/5&@19)&$#,.5&0/&F)11&
0/&05&5')&$'A/,801&$,#.&-0//E&
5#&()-#3)&0.A&)C5(0$#10:#.&
0-@,B9,5AK

First-ever calculation of nucleon structure using full lattice QCD  
at the physical pion mass
I&+&)"4,&"+'5&*':7'|$,%'G&#&5&'>"$0'XFEK+'/&%6&"'>$"'E,&$"&24)5'
M,7+-4+'S-55'1+&'6,&-"'!(//')55$4)2$%'6$'.&">$"0'6,&'Q"+6'4)5415)2$%'
$>'%145&$%'+6"1461"&'1+-%#'>155'5)x4&'t/J')6'6,&'.,7+-4)5'.-$%'0)++D'
a$"L-%#'S-6,'6,&'W1*).&+6PX)"+&-55&Pa1..&"6)5'BWXaC'4$55):$")2$%'
)%*'1+-%#'6,&-"';n='V)A$"'*7%)0-4)5'+6$16P+0&)"&*'TB)CP-0."$A&*'
a-5+$%'e1)"L'4$%Q#1")2$%+'>$"'%145&$%'+6"1461"&'$:+&"A):5&+H'
6,&7'S-55'4)5415)6&'4$%%&46&*'*-)#")0'4$%6"-:12$%+'6$'>$"0'>)46$"+H'
0$0&%6+'$>'+6"1461"&'>1%42$%+H')%*'#&%&")5-\&*'>$"0'>)46$"+')6'h'.-$%'
0)++&+'>"$0').."$@-0)6&57'OOw'X&8'*$S%'6$'6,&'.,7+-4)5'.-$%'0)++'
)6'5)x4&'+.)4-%#'y'<D=;'>0D'

E,&'6&)0'S-55'+61*7'+4)5-%#':&,)A-$"':7'4)5415)2%#'$:+&"A):5&+'>$"'0'
y';j<'X&8')6')'y'<D=;H'<D<oH')%*'<D<p'>0')%*'Q%-6&'A$510&'4$""&42$%+'
&U&46+':7'4$0.)"-%#'"&+156+'>$"'0('{'vD=')%*'jDj')6'0'{';oh'X&8D'
E,&7'S-55')5+$'4$%*146')%'&@6&%+-A&'4)5415)2$%'$>'*-+4$%%&46&*'e1)"L'
*-)#")0+')%*'#51$%'4$%6"-:12$%+'>$"'0'y';j<'X&8')6')'y'<D=;'>0D

Optimized code, exceptional performance
E,&'+$`S)"&'>$"'6,&'+6$16P+0&)"&*'TB)CP-0."$A&*'a-5+$%'>&"0-$%'
4)5415)2$%+'S)+'$.20-\&*':7'96&>)%'m"-&#'>$"'6,&'W51&'Y&%&]MD' 
!6'6,&+&'5)x4&'+-\&+H'6,&'J-")4'$.&")6$"')4,-&A&+')'0)@-010'$>' 

Op'.&"4&%6'$>'.&)L')%*'67.-4)557'
"1%+')6').."$@-0)6&57'O;'.&"4&%6'
$>'.&)L'$%'$%&'6$'+-@6&&%'")4L+D'
E,&'>155'-%A&"6&"'"1%+')6'0$"&'
6,)%'O;'.&"4&%6'$>'.&)LD'N+-%#'
6,&-"'$S%'$.20-\&*'*$0)-%'
S)55'-%A&"6&"H'.&">$"0)%4&'
-+'&@4&.2$%)5')%*'."$A-*&+'
+-#%-Q4)%6')*A)%6)#&'6$'6,&'ND9D'
5)x4&'t/J'&U$"6'$>'-%6&"%)2$%)5'
t/J'+$`S)"&'*&A&5$.0&%6'
+1..$"6&*':7'!9/I')%*'GG9!D

ALCC Allocation:
OpDw'X-55-$%'d$1"+

0.0
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9-015)2%#'()+&"PM5)+0)'F%6&")42$%+'-%'E)"#&6+' 
>$"'6,&'G)2$%)5'F#%-2$%'3)4-5-67')%*'W&7$%*

()S"&%4&'(-A&"0$"&'G)2$%)5'():$")6$"7'B((G(C',)+':&&%'6)+L&*'
S-6,')4,-&A-%#'-#%-2$%')6'6,&'G)2$%)5'F#%-2$%'3)4-5-67'BGF3CD'!%'
-0.$"6)%6')+.&46'$>'6,&'-#%-2$%'4)0.)-#%'-%A$5A&+'e1)%26)2A&'
."&*-42$%'$>'6,&'5&A&5'$>'5)+&"':)4L+4)_&"'-%'6,&+&'6)"#&6+D'X-2#)2$%'
$>'5)+&"':)4L+4)_&"'-+'-0.$"6)%6H')+':)4L+4)_&"'"&*14&+'6,&')0$1%6'
$>'-%.16'&%&"#7')A)-5):5&'>$"'*"-A-%#'6,&'>1+-$%'."$4&++D'F6'4)%')5+$'
)56&"'-0.5$+-$%'+700&6"7')+'S&55')+'."&,&)6'6,&'-#%-2$%'4).+15&'A-)'
#&%&")2$%'$>',$6'&5&46"$%+D

I&4&%6'&@.&"-0&%6)5'"&+156+'>"$0'6,&'G)2$%)5'F#%-2$%'/)0.)-#%'
)6'GF3'+,$S'6,)6':)4L+4)_&"'$441"+'-%'6,&'5)+&"'6)"#&6'S,&"&'e1)*+'
$>'5)+&"':&)0+')"&'$A&"5)..&*D'E,&'#$)5'$>'6,&+&'+-015)2$%+'-+'6$'
e1)%2>7',$S'$A&"5)..-%#':&)0'e1)*+'-0.)46'5)+&"':)4L+4)_&"D'F%'6,&'
Q"+6'+-015)2$%'4$0.5&6&*H'S,-4,'")%'$%'6,&'>155'WY]M'F%6"&.-*'0)4,-%&'
)6'!"#$%%&H'6,"&&'e1)*+'$>'GF3':&)0+'."$.)#)6&*'pj<'0-4"$0&6&"+H'
6,"$1#,',)5>'$>'6,&'-%6&")42$%'"&#-$%'S,&"&'5)+&"':)4L+4)_&"'$441"+'
B==O':-55-$%'\$%&+CD'E,&':&)0+'S&"&'%$6'.$5)"-\)2$%'+0$$6,&*H')'
6&4,%-e1&'1+&*')6'GF3'6$'"&*14&'5)+&"':)4L+4)_&"D'B9-015)2%#'6,&'>155'
:)4L+4)_&"'"&#-$%'$"'-%451*-%#'.$5)"-\)2$%'+0$$6,-%#'"&+156+'-%')'
+-015)2$%'6$$'5)"#&'>$"'6,&'>155'F%6"&.-*'0)4,-%&DC''()+&"':)4L+4)_&"'
."-0)"-57'$441"+'-%'6,&'5&`')%*'"-#,6':&)0'e1)*+':&4)1+&'6,&'

"&+$%)%4&'"&#-$%'>$"'6,&'4&%6")5'
:&)0'e1)*'-+'0)"#-%)557'-%451*&*'
-%'6,-+'+-015)2$%D

E,&'+-015)2$%+':&-%#'4$%*146&*'
:7'((G('"&+&)"4,&"+'S-55'#&%&")6&'
+4-&%2Q4'"&+156+'6,)6'S-55',)A&'
)'0)R$"'-0.)46'$%'6,&'%)2$%)5'
-#%-2$%'4)0.)-#%s-%&"2)5'
>1+-$%s)+'S&55')+'$%'6,&'
>1%*)0&%6)5'+4-&%4&'$>'(MFD'E,&+&'
+6)6&P$>P6,&P)"6'+-015)2$%+')"&'
$%57'.$++-:5&':&4)1+&'$>'6,&'FG/FE?'
)S)"*'"&4&-A&*'$%'6,&'!G('WYM'
F%6"&.-*'0)4,-%&D

INCITE Allocation:
vj'X-55-$%'d$1"+

2TV&H#'1(09-K&"',/&0(:/5W/&
().+)(,.B&/'#F/&0&2TV&50(B)5&
$)11)5&,./,+)&0&'#'1(09-&80$/91)&
F,5'&10/)(&@)0-/&).5)(,.B&5'(#9B'&
#$).,.B/&#.&),5')(&).+K&"')&@)0-/&
8#-$()//&0.+&')05&5')&50(B)5&
5#&5')&.)8)//0(A&8#.+,:#./&;#(&
.981)0(&;9/,#.&5#&#889(K&TB.,:#.&
)C$)(,-).5/&#.&2TV&F,11&@)&5')&
891-,.0:#.&#;&-#()&5'0.&>X&
A)0(/&#;&,.)(:01&8#.7.)-).5&
;9/,#.&()/)0(8'&0.+&+)3)1#$-).5E&
#$).,.B&5')&+##(&5#&)C$1#(0:#.&
#;&$()3,#9/1A&,.088)//,@1)&$'A/,801&
()B,-)/K&I()+,5M&R0F().8)&
R,3)(-#()&20:#.01&R0@#(05#(AK

Contact ! Denise Hinkel

()S"&%4&'(-A&"0$"&'G)2$%)5'():$")6$"7''b'',-%L&5=c55%5D#$A
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